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BASIC REQUIREMENTS FOR MANUSCRIPTS 


This Journal represents effort the Society deliver information the 
reader with the greatest possible speed. this end the material herein has 
none the usual editing required more formal publications. 


Original papers and discussions current papers should submitted the 
Manager Technical Publications, ASCE. Authors should indicate the technical 
division which the paper should referred. The final date which dis- 
cussion should reach the Society given footnote with each paper. Those 
who are planning submit material will expedite the review and publication 
procedures complying with the following basic requirements: 


Titles should have length not exceeding characters and spaces. 
50-word summary should accompany the paper. 


The manuscript ribbon copy and two copies) should double-spaced 
one side paper. Papers that were originally prepared for 
oral presentation must rewritten into the third person before being submitted. 


The full name, Society membership grade, and footnote reference 
stating present employment should appear the first page the paper. 


Mathematics are reproduced directly from the copy that submitted. 
Because this, necessary that capital letters drawn, black ink, 
high (with all other symbols and characters the proportions dictated 
standard drafting practice) and that line mathematics longer than 
Ribbon copies typed equations may used but they will proportionately 
smaller the printed version. 


Tables should typed (ribbon copies) one side 
paper with invisible frame. Small tables should grouped 
within this frame. Specific reference and explanation should made the text 
for each table. 


paper within invisible frame that the caption 
should also included within the frame. Because illustrations will reduced 
69% the original size, the capital letters should high. Photographs 
should submitted glossy prints size that less than 
Explanations and descriptions should made within the text for each illustration. 


Papers should average about 12,000 words length and should 
longer than 18,000 words. approximation, each full page typed text, 
table, illustration the equivalent 300 words. 


Further information concerning the preparation technical papers con- 
tained the “Technical Publications which can obtained from 
the Society. 


Reprints from this Journal may made condition that the full title 
the paper, name author, page reference (or paper number), and date 
publication the Society are given. The Society not responsible for any 
statement made opinion expressed its publications. 


This Journal published monthly the American Society Civil 
Engineers. Publication office 2500 South State Street, Ann Arbor, Michigan. 
Editorial and General Offices are West Street, New York York. 
$4.00 dues are applied subscription this Journal. Second- 
class postage paid Ann Arbor, Michigan. 
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EFFECTS RESEARCH MODERN AMERICAN 
CONCRETE DESIGN 


Eivind ASCE, IABSE 


This paper one the group papers which were the bases for oral 
presentations the Joint ASCE-IABSE Meeting, New York, October 1958. 
The entire group, including those published CIVIL ENGINEERING, will 
reprinted one volume. 


SYNOPSIS 


The organization and the nature recent structural concrete research 
the United States are outlined. Research approaches used the past resulted 
substantial design improvements. The need for shift from applied 
basic research the future stressed. bolder and more imaginative 
course future research seems necessary provoke the radically new ideas 
needed for future improvements concrete design. 


Scope 


Structural concrete design combination science and art molded to- 
gether the designer’s insight and experience builder. has been, 
must remain. Modern structural design would unthinkable without 
base science, but would also stagnate without the dreams and beauty 
art. The human characteristics the builder—his enthusiasm, imagination, 
and experience—are needed mold balanced whole. For concrete design 
both architecture and engineering; such dedicated the welfare 
man material sense well spiritual sense. 

Being based science, American structural concrete design has, 
course, been profoundly influenced scientific advances through research 


Note: Discussion open until October 1959. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. Paper 2034 
part the copyrighted Journal the Structural Division, Proceedings the 
American Society Civil Engineers, Vol. 85, No. May, 1959. 


Mgr., Structural Development Section, Portland Cement Assn., Research 
and Development Labs., Skokie, 
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from the pioneering work the turn the Century and the present day. 
The technical nature this influence has varied detail and shall not 
summarized here. With the aid typical examples the organization and the 
nature recent structural concrete research the United States will out- 
lined. found that the research approaches used the past resulted 
substantial design improvements. But even bolder and more imaginative 
course future research seems necessary provoke the radically new and 
yet unborn ideas destined color our structural concrete design the future. 


Organization Research 


its very nature, the research nation cannot rigidly controlled 
planned few minds. But guidance, coordination, and forum for inter- 
change thought and ideas are prerequisites for orderly research progress. 
The key cooperation between many men and organizations. 


Guidance 


Ever since its formation over years ago, the American Concrete Insti- 
tute has been the principal guiding force American concrete research, in- 
cluding the structural field. large portion our research literature 
found the fifty-five volumes the ACI Journal. Technical committees 
initiating research have been existence for many years, and the ACI has 
performed vital function through committees translating research into such 
documents “Building Code Requirements for Reinforced Concrete” and 
“Manual Standard Practice for Detailing Reinforced Concrete 
Finally, the Annual Conventions and Regional Meetings the Institute have 
offered opportunities for individuals varied backgrounds meet forum 
cooperation. 

The American Society Civil Engineers has for many years contributed 
the development structural concrete. During the past decade, the 
guidance structural concrete research provided the ASCE has been sub- 
stantially improved and expanded. series technical committees dealing 
with research and the translation thereof into design practice have been es- 
tablished jointly the Structural Division ASCE and the American Concrete 
Institute—again example fruitful cooperation. During the past year, the 
Committee Research responsible the ASCE Board Directors has be- 
come dynamically active toward its mission reviewing and coordinating re- 
search activities the Society. Finally, ASCE conventions and conferences 
contribute immeasurably toward research and effects thereof engineering 
practice. 


Execution 


Educational institutions have been the backbone execution American 
structural concrete research ever since its inception the turn the centu- 
ry. Thirty-nine such institutions reported active work progress 1958. 

addition, twenty-nine trade associations and public agencies had concrete 
research progress. Some these non-educational institutions, such the 
Association American Railroads and the Portland Cement Association, have 
recently expanded their structural research facilities and activities greatly, 
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the need for new knowledge and the type experimentation required have 
grown beyond what our universities can efficiently alone. 


Sponsorship 


major portion American structural concrete research educational 
instituticns being financed various agencies federal and state govern- 
ments, notably the Department Defense, the National Science Foundation, 
and the Bureau Public Roads cooperation with various State Highway De- 
partments. Various groups the construction industry are also financing 
structural concrete research, and funds faculty services are frequently 
contributed educational institutions toward their own research work. 


The Reinforced Concrete Research Council 


f 


difficult select single example indicating the cooperative nature 
American structural concrete research. But the activities the Rein- 
forced Concrete Research Council are typical and have given results that 
command for the Council position leadership. 

the early 1940’s, need was recognized this country for new theory 
structural concrete design, need discontinue progress based solely 
periodic adjustments and modifications the classical straight-line theory, 

need for fundamental change new theory based the actual inelastic 


properties concrete and reinforcing steel. Subcommittee the Com- 
mittee Masonry and Reinforced Concrete was formed the Structural Di- 
vision the American Society Civil Engineers 1944. immediately 
commenced study the adequacy the new inelastic design theories, and 
became evident that great deal experimental research was needed. 


Such was the situation when the Reinforced Concrete Research Council was 
organized 1948 under the inspiring chairmanship the late Robert 
Blanks. Fundamental research this country and elsewhere had brought into 
being the nucleus new design theory known ultimate strength design. 
develop this theory stage practical usefulness these were needed: 

(1) organized cooperative effort, (2) scientific planning and guidance, and 
(3) economic support experimental research. short, hard push forward 
was required, push that could not accomplished any single one the 

interests involved. 
The formation Research Council took place early 1947, and the 

organization and financing the Council were completed about year later. 

The Council independent organization under the sponsorship the Engi- 

neering Foundation. consists some two dozen representatives techni- 

cal societies, government agencies, trade associations, outstanding engineer- 

ing organizations, and several universities. The Council obtains funds from 

the Engineering Foundation and several interested organizations, that each 

contributor receives many times the research value his individual contri- 
bution. The total value research sponsored the Council approached one- 
half million dollars 1948-58. Furthermore, this research work guided 
the Council membership, and small task committees carefully follow each 
individual investigation project. The actual project work has usually been 
done universities, which through Council sponsorship not only get re- 
search job done well, but also make most valuable contribution our 
Nation’s future training the students become scientists and engineers 
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tomorrow. The results projects sponsored the Council are published 
technical journals and also series Bulletins available free from the 
Engineering Foundation. 

The immediate broad objective the Council the time its formation 
was re-examine critically the basis for reinforced concrete design 
methods, and develop new theory design into workable form intended 
replace the elastic concepts that have been use for many years. 
reach this goal, many research projects were initiated, sponsored, and carried 
successful completion. Details those projects will not dwelt upon 
here, but deeper question raised: “What were the final effects 
structural concrete design?” 

1955, Joint Committee Ultimate Strength Design the American 
Society Civil Engineers and the American Concrete Institute submitted 
final report completing its assignment “to evaluate and correlate theories and 
data bearing ultimate strength design procedures with view establish- 
ing them accepted practice”. These Joint Committee studies were based 
largely experimental data and theories obtained through Reinforced 
Concrete Research Council sponsorship. The Building Code Committee 
the American Concrete Institute then took historical step stated one and 
one-half lines under Design Methods. This statement now appears the 1956 
ACI Building Code “The ultimate strength method design may used 
for the design reinforced concrete members”. For ready reference, 
abstract the Joint Committee Report was appended the Building Code. 
Research the field ultimate strength design has continued under Council 
sponsorship, and major expansion and improvement the new methods may 
expected when another revision the ACI Building Code appears. 

this manner, the immediate broad objectives the Reinforced Concrete 
Research Council were accomplished, and the Council turned other tasks. 
Already soon after the initial projects were underway, became evident that 
the Council offered unusual opportunity foster, correlate and sponsor 
other needed research reinforced concrete. Joint Committee Shear 
and Diagonal Tension the American Concrete Institute and the American 
Society Civil Engineers was formed 1950. chain research projects 
was planned, sponsored, and completed result cooperation between 
this committee and the Council. 1958 the Joint Committee Shear and 
Diagonal Tension began preparation its final report complete its as- 
signment “to develop methods for designing reinforced concrete members 
resist shear and diagonal tension consistent with the new ultimate strength 
design methods.” Again, important report being based largely test 
data and theories developed through Council sponsorship. 

Similar cooperation with technical committees has led projects directed 
toward improved design methods for reinforced concrete floor and bridge 
slabs. The Council also sponsoring research prestressed concrete, 
folded plate structures, and several other fields. has been found that the 
Council can also function shorten the lag between research and practice 
acting liaison between research agencies and technical committees the 
American Society Civil Engineers, the American Concrete Institute, and 
similar organizations. The scope activities the Council has accordingly 
been broadened encompass the entire field reinforced concrete research. 
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CONCRETE DESIGN 
Mileposts the Past 


Structural concrete research the future must aimed boldly toward 
major technological breakthroughs. Marginal progress not enough 
age when serious consideration being given construction airports 
the moon, when man the verge harnessing the power the sun and 
atomic fusion. plan the future helpful examine the past, and sever- 
mileposts progress are found: 


(1) The invention reinforced concrete appears have been the product 
period rather than few individual minds. However, the break- 
through its development came when design theory based the 
science engineering mechanics was formulated France and 
Germany shortly before 1900. 

(2) The discovery the water-cement ratio principle was outstanding 
example gradual scientific development, reaching the breakthrough 
stage shortly before 1920. 

(3) The development reinforced concrete shell structures and theories 
for their design began Germany the early 1920’s. This important 
development resulted from the pioneering work few individuals. 

(4) Prestressing was attempted already the turn the century. How- 
ever, the milepost was not established before creep and shrinkage 
properties concrete and the need for high-strength reinforcing steels 
were recognized about 1930. 

(5) Remarkable improvements the durability concrete structures 
through air entrainment became practical reality the late 1930’s. 
This development was carried into practice unprecedented volume 
research America and abroad. 

(6) The modern type deformed reinforcing bar was developed inde- 
pendently Sweden and the United States about 1940, result 
series research efforts dating back far 1910. 


From these six examples the past can learned two major truths: 
First, milestones were usually established cooperation extending through- 
out the world. Secondly, often took discouragingly long develop new 
idea into practical reality. Tradition, conservatism, and plain human re- 
sistance change were formidable obstacles the road progress. There 
developing among structural engineers yearing for new and better 
methods and materials unprecedented the history their profession. This 
feeling reflected the strong emphasis research now developing the 
American Society Civil Engineers. 


American Research Progress 


Triggered research, American structural concrete design 
process rapid change. Present research activity facing wide field 
fairly well defined problems urgently need solution advance practice. 
Inventive genius and fundamental research the past have resulted pro- 
nounced need for applied research bridge the gap between basic ideas and 
improvements the arts practice. 

Shell structures and prestressing are already established historical mile- 
posts. But large volume research remains done—and being done 
expand and improve their applications. 
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Ultimate strength design, that design cross sections inelastic 
basis, became practical reality America with the 1956 ACI Building Code. 
However, intense studies shear, deflection, and flexural crack formation 
are progress broaden and improve this new design concept. new Joint 
ASCE-ACI Committee Limit Design was organized recently guide re- 
search directed toward extending inelastic design concepts beyond the pro- 
portioning sections and into the field moment analysis indeterminate 
frame systems. 

Applications ultimate strength design have already led two trends that 
hold great promise for the future. its realistic and accurate appraisal 
the structural performance unusual concretes and reinforcing steels, ulti- 
mate strength design has facilitated trend toward the use high-strength 
concretes and reinforcing steels. The American Society for Testing Materi- 
als now the process revising reinforcing steel New 
steels with minimum yield points 60,000 and 75,000 psi will probably in- 
cluded new specifications. This and the companion trend 
toward high-strength concretes, are pointing toward the light, graceful, and 
economical reinforced concrete buildings and bridges tomorrow. Several 
research projects are progress speed this development. 

second trend related the rapid growth new industry, the precast 
concrete industry. The potentialities precasting certainly far beyond 
the mere concept casting building member ground level rather than 
several stories the air, factory river bank instead mid- 
stream. These potentialities result large part from the advantages 
mechanized mass-production methods that permit repeated use forms and 
equipment, well the strict controls manufacture necessary use high 
quality materials the best economic advantage. Careful design down the 
smallest detail becomes great importance when member made 
not once, but dozens and even hundreds times; when heavy investments 
into mechanical manufacturing process. Therefore, there hardly any 
other way designing for mass production than use every trick available 
the field structural concrete technology. Only the best and most refined 
design procedures are good enough mass produce products that will per- 
form perfectly the function intended design and still economical 
possible. 

The development the precasting industry has led new need for 
knowledge details structural concrete technology. For example, en- 
tire new branch technology involving connections between precast units has 
come into being. Research this field progress the Portland Cement 
Association Laboratories, but there most pressing need for the ideas and 
efforts others. field even more complex than connections structural 
steel must developed, and developed fast. 

The American lightweight aggregate producing industry expanding rapid- 
ly. Most the plants producing lightweight aggregates from clays and 
shales have been built within the last decade. Eighteen plants are oper- 
ation producing lightweight aggregate from slag. Increasing demands for light 
weight, coupled with high strength, have established important position for 
lightweight aggregates American structural concrete. Again, industrial 
development triggered research has led new branch structural 
concrete technology; and further research progress develop complete 
theory lightweight-aggregate structural concrete design. 
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CONCRETE DESIGN 


The last field research progress mentioned here possibly 
most important one. has been customary for many years provide for 
wide variety uncertainties design and construction single safety 
load factor. Thus, even ultimate strength design, which vastly superior 
this respect the straight-line theory, service loads times load factors 
are equated strength function involving properties the member con- 
cerned and the materials used. However, the strength function beams 
frequently controlled yielding the reinforcing steel that accidental 
reduction concrete strength hardly reduces the strength all. the 
other hand, the strength function some columns influenced variations 
concrete strength almost the extent proportionality. remedy this 
unbalance, the safety concept may split into two: load factors only slightly 
greater than one provide for accidental overloads, and uniformity factors 
smaller than one allow for variations the strength concrete and rein- 
forcement below those specified. Such change design philosophy could 
make possible substantial reductions sections and costs without danger 
the safety concrete structures. minor increase costs improved 
control and inspection could return considerable savings. 

These researches progress the fields ultimate strength and limit 
design, high-strength deformed bar reinforcement, precasting, lightweight 
aggregate structural concretes, and safety concepts are examples develop- 
ments clearly destined have profound effects future American structural 
concrete design. Some these developments will probably become recog- 
nized the future major mileposts progress. 


Research for the Future 


The past and the present structural concrete research America has 
been reviewed. seems fitting close this discussion with look toward the 
research the future. 

Research results are today being translated into practice rate un- 
equaled the history structural concrete. The chains tradition have 
been broken, and most gratifying progress being made toward better and 
more economical concrete structures. But this high-crested wave activity 
rose from several decades basic research carried out slowly and 
small scale our Nation’s universities and abroad. The wave seen today 
must eventually die down. New waves the future can evolve only from basic 
research, from investigations which immediate practical needs are sub- 
ordinated long-range benefits. 

seems probable that American structural concrete research can run 
profitably along its present major path highly applied studies only into the 
early 1960’s. Beyond that time research must gradually turn fundamental 
studies; not only the common type fundamental research that directed 
inward deeper understanding structural concrete materials known 
today; but also fundamental studies shape and form conducted with bold- 
ness, imagination, and enthusiasm toward the radically new ideas yet unde- 
veloped even unborn. least three these mileposts the future can 
now seen the haze the research 

French, Russian, and few American experiments have indicated that 
should feasible produce new type concrete that hardens consider- 
able strength concretes today do. Then, controlled expansion 
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special cements special aggregates should take place the solid state 
prestress embedded high-strength reinforcement all directions space. 
Following this controlled expansion, the material should remain stable 
throughout its useful life service. produce such radical step forward 
concrete technology may take many years fundamental study chemis- 
try and solid state physics, but the goal seems possible reach. 

far curved structures space are concerned, only modest begin- 
ning has been seen. Combinations shells, box-sections, and three- 
dimensional frameworks may open great new possibilities future concrete 
construction. 

Cellular concretes light cork with fine reinforcing fibers steel 
glass may the future provide adequate strength, durability, and insulation 
single skin structure tremendous span made small, factory-made 

Beyond these three dreams the horizon, there must vista things 
come beyond our imagination. Man cannot sit waiting for the future 
come. There yet much suffering and want this world. the duty 
engineers and scientists progress vigorously within their fields service 
the welfare man. 


The Road Ahead 


Those who wish fulfill their obligation the future may feel that the 
type research required cannot find sponsorship, cannot financed. This 
probably not so. During conference research organized the Ameri- 
can Society Civil Engineers George Washington University September 
1958 several discussion groups arrived independently the conclusion that 
there exists shortage imaginative research proposals well prepared 
competent The National Science Foundation reports that 1953-54 
American industry whole channeled 1.7 per cent sales into research 
and development, some industries going high per cent. 
ample flow creative ideas existed, certainly the $50 billion American con- 
struction industry could profitably invest one per cent the future. The re- 
sulting 500 million dollars per annum would sustain 10,000 good-sized re- 
search programs $50,000 each. There shortage creative ideas, not 
potential sources funds. 

improve the production ideas and their development through 
sponsored research, there are many things that can done, and most 
gratifying that the American Society Civil Engineers recognizing its duty 
encourage, guide and aid research. this united profession 
scientists and engineers cooperation, communications must improved. 

The traditional form scientific report, dissertation, paper, com- 
munication addressed fellow scientists. Such communication often ex- 
pressed considerable detail and highly guarded, cautious language. This 
type communication has served and will always serve definite purpose 
step the process development within science itself. 

However, recent years has become increasingly evident the United 
States that the great majority our engineers, busily occupied the im- 
portant and daily task building better America, cannot find the time 
devote thorough study the rapidly increasing volume scientific written 
communications. Some American scientists, therefore, share view that 
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improved communications must developed place new developments 

the hands engineers and architects position put them practical 

use, and create better feed-back new ideas from practice research. 
the European colleagues who visited the 1958 ASCE Convention should 

said that Americans recognize their leadership the creation new ideas. 

was perhaps the most important goal that series meetings improve 

cooperation between such bodies the International Association for Bridge 

and Structural Engineering, the European Committee Concrete, and corre- 

sponding American organizations. 
American structural concrete research and its effect design are charac- 

terized few words: Cooperation between friends dedicated common 

cause. Structural concrete design combination science, art, and ex- 

perience. Let the future built men “touching star” together, give 

dreams shape and form; let ideas exchanged and developed through rigorous 

scientific study; let then the results research placed into reality through 

the services the civil engineering profession. the writer’s fondest 

hope that this may done family nations cooperation. For wher- 

ever civil engineer’s cradle stood, his calling the same—the welfare 
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DESIGN TABLE FOR STEEL COLUMNS WITH ECCENTRIC LOADS 


Richard Hugh Bigelow, ASCE 


ABSTRACT 


This paper presents table bending factors for the design eccentrical- 
loaded steel columns with explanation their derivation. The factors 
presented differ from those the Manual that they allow more 
precise calculation the equivalent concentric load. 


The A.LS.C. Specification section limits the concentric and the ec- 
centric loads conformity with the following expression: 


The above may equated the limiting value and expressed as: 


where P-have load kips the design must accommo- 
ate. 


P-allowable Total concentric load kips given section 
when bending occurs the equivalent con- 
centric load allowable when both concentric load 
and moment are applied. 


Section modulus inches cubed, should not- 
the allowable stress bending taken 
kips per sq. in. This will discussed later. 


Note: Discussion open until October 1959. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. Paper 2035 
part the copyrighted Journal the Structural Division, Proceedings the Amer- 
ican Society Civil Engineers, Vol. 85, No. May, 


Asst. Prof., North Carolina State College, Raleigh, 
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This may also expressed as: 

or 


(2) 
held constant Eq. (2) will vary varies. For cases 


with L/r 120, Pa/S may expressed as: 


2 2 


held constant and reference made the A.I.S.C. manual will 
noted there only small variation and for any one column series. 
few calculations will indicate even less variation The value 
then nearly constant for particular column series and length. 

For example the value for the series varies from less 
than maximum 6.8% with average variation 2.5%; the mini- 
mum variation being for column lengths about the mid-height range and the 
maximum variation being for column lengths the upper limit the height 
range. 

solution based upon values considered constant for any one 
column series would then introduce only relatively small error design 
problem. This design procedure consists the solution Eq. (1) means 
the column tables pages 214 through 221 and the table below. 


which will reduce 


Example Design Problem 


Problem: 


Select the lightest 12" column section for buckling length ft. with 
300 kip load acting the Y-Y axis from the X-X axis. 


Solution: 


observation the factors table below for 12" columns ft. length 
indicates the factors are the range 1/7 1/8. quick mental calcu- 
lation follows will place the solution the proper column series: 


will noted A.LS.C. column table this value the range the 
series. Therefore, select the value from table below 
0.1465 for column ft. long. 


Then 


(equivalent) 300 (300x4) 0.1465 476 kips 
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Enter A.LS.C. column table pg. 216 and find next larger value the 12x12 
series 478 kips corresponding W.F. 120 section. This the column 
selected. check will demonstrate. 


M/2 = 0.995 
M/20Sxx 0.99 


the above problem solved using the bending factors the value 
equivalent will fall between values the column tables corresponding 
W.F. 133 and W.F. 161 section. Knowing the bending factors give 
conservative results the designer would check the W.F. 133 section and 
finding the interaction formula fraction for this section considerably less than 
would check the W.F. 120 section and find acceptable. problems 
where the flexural stresses represent greater percentage the interaction 
formula fraction than the case above the bending factors can give 
even more conservative results. 


Example Review Problem 


Problem: 


Determine the value load acting the Y-Y axis from the X-X 
axis W.F. column with buckling length 18'-0". 


Solution: 


may expressed 


this problem then from table below 0.1805 and from A.LS.C. 
column tables 240 kips 


check will demonstrate that M/20Sxx 0.9973 may have 
maximum value The answer above error 0.3%. 
the problem above were increased 10" the answer would 
error 0.6%. 


Several variations the review problem may solved using approach 
similar that above. 


General Comments 


Some variation the value P,/20Sxx for given column series and length 
was demonstrated above. The values included the table were derived 
that the required column for any equivalent concentric load calculated 
shown above will correspond either the value above the value below the 
equivalent concentric load tabulated the A.LS.C. column tables. the 
majority cases the required column will correspond the tabulated value 
above the calculated equivalent concentric load. some cases where the 
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equivalent concentric load close the lower tabulated value the column 
corresponding this value may suffice. 

The reader will note the lack table for bending about the Y-Y axis. 
Since more efficient and typical present day framing apply the loads 
the flanges the column and provide for bracing about the Y-Y axis 
through the web was thought such table would have little application. 

The table based upon the value Ld/bt for any column being equal 
less than 600. the columns covered the table the six columns list- 
below are the only ones which have column lengths within the range the 
table for which the value Ld/bt exceeds 600. should noted this occurs 
only near the maximum height range. 


Max. tabular length 
14WF87 
14WF48 
14WF43 15.5 
17.5 


The table prepared for columns with values L/r equal less than 
120. The use columns eccentrically loaded with values L/r greater than 
120 most cases leads reduction allowable bending stress well 
continued reduction allowable axial stress. 
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LOAD DISTRIBUTION DIAPHRAGMS I-BEAM BRIDGES 


SYNOPSIS 


This paper presents analytical study the effects diaphragms 
beam bridges. The structures considered the analyses are simple-span 
right bridges, consisting continuous slab supported five uniformly- 
spaced parallel beams equal stiffness, with the beams running the di- 
rection traffic. The diaphragms, which may the form channel, 

WF-beam, built-up section, are transverse framings the structure. 
Several variables are studied; including (1) relative stiffness diaphragm 
that each beam, (2) the position diaphragms the structure, (3) relative 
stiffness beams that slab, (4) relative dimensions bridge, and (5) the 
type and position loading. The influence diaphragm upon the behavior 
edge beam also included, 

From the results analyses, studies and comparisons are made in- 
vestigate the effects different variables the action diaphragms 
distributing the load the bridge. The criteria comparison general 
the maximum moment beams produced unit load 4-wheel loading, with 
particular emphasis the latter simulate the actual loading condition, For 
one specific case, the analytical results are compared those given for 
full-size field test. Conclusions and design recommendations with regard 
the effective use diaphragms I-beam bridges are also presented. 


INTRODUCTION 


Object and Scope Investigation 


The studies presented this paper were undertaken obtain better 
understanding the action diaphragms I-beam bridges. The I-beam 
bridge, consisting concrete roadway slab continuous over steel stringers, 
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has found widespread application for highway bridges because its simplicity 
design and ease construction. The diaphragms, the form channel, 
WF-beam, built-up angle frames, transverse framing device, 
which added the structure with the following purposes; improve the 
load distribution load the structure the supporting beams, facilitate 
erection the span, and stiffen, general, the bridge that may act 
more efficiently one integral unit under load. the purpose this 
paper discuss the lateral load-distribution characteristics diaphragms 
this type structure that rational basis may obtained serve 
guide the design diaphragms this most common type highway 
bridges. 

The data contained herein apply simple-span right bridges consisting 
continuous slab supported five uniformly-spaced parallel beams equal 
stiffness, with diaphragms framed transversely different positions between 
the beams. 

The problem the I-beam bridge with concrete slab roadway supported 
beams which are interlaced with diaphragms one which statically 
indeterminate high order. The exact solution the problem compli- 
cated and not suitable for practical use. numerical distribution procedure 
for the analysis slabs continuous over flexible beams fur- 
nishes convenient tool for analyzing the structure and followed this 
With this basic procedure and technique developed for super- 
posing the action diaphragms the flexible beams under consideration, 
was possible undertake large number analyses and, thus, investi- 
gate the effects the following variables the action diaphragms the 
structure; (1) relative stiffness diaphragm that each beam, (2) the 
position diaphragms the structure, (3) relative stiffness beams that 
slab, (4) relative dimensions the bridge, and (5) the type and position 
loading. For one case the analytical results were used compare with those 
derived from field test full size bridge. 

The bridges considered have beams the direction traffic and ratio 
beam spacing span equal The flexibility the beams taken 
into account the general, the maximum moments are de- 
termined the beams for different positions concentrated load the 
structure, Bridges with diaphragms various stiffnesses and framed mid- 
span, each third-point, each quarter-point, and midspan plus quarter points 
are Influence coefficients for moment are obtained for group 
these structures various proportions and for different relative stiffness- 
beams and slab. From the influence values, moments the beams are 
determined for standard highway truck loads for spacings beams between 
the limits ft. the basis moments beams due unit load and 
truck loading, studies the results analyses are made determine the 
influence the variables affecting the load-distributing behavior the 
diaphragms the structure. Special attentions have been directed explore 
questions often raised designing engineers; such as, effective 
relatively flexible diaphragm?”, “Are the effectiveness diaphragm pro- 
portional its “What the best position diaphragm?”, and 
“Are closed-spaced diaphragms necessarily more effective than single 


one?”, etc. The effect diaphragms the behavior the edge beam also 
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Basic Assumptions 


The distribution procedure used the analysis based the ordinary 
theory flexure for plates. The following assumptions are involved the 
solution the problem: 


(1) The material the slab homogeneous, elastic, isotropic, and 
constant thickness. 

(2) The resultant the normal stresses acting any cross-section the 

(3) Flexural strains vary linearly through the depth the 

(4) The beams exert only vertical forces the slab; there shear be- 
tween the top flange the beams and the bottom the slab. 

(5) The reaction the beam acts the slab along line and not dis- 
tributed over finite The torsional restraint offered the 
beams not taken into account the analysis. 

(6) beam and the slab directly over deflect the same amounts and 
the same shape; that is, there separation between the slab and the 
beam. 

(7) The connections the diaphragms the beams are fully effective. 
other words, the right angle relationship between the web the beam 
and line through the mid-height the diaphragm will kept after 
This condition will permit rotation beams shown 
Fig..1. 

(8) The top the diaphragm does not touch the bottom the slab under 
any loading condition. 


(9) Both the slab and the beams are simply supported the ends the 


addition, the value Poisson’s ratio for concrete assumed zero 
all the calculations. 


Notation 


The following notation used throughout the paper. The longitudinal di- 
rection always taken the direction the beams, 


span bridge, center center supports. 


Length the diaphragm when considered one cross beam, 
equal for the bridges analyzed, 


total depth slab. 


moment inertia per unit width the cross-section the slab; 


modulus elasticity the material the slab. 


Poisson’s for the material the slab. 
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DIAPHRAGMS 


moment inertia the cross-section beam (or transformed 
moment inertia T-beam). 


moment inertia the cross-section diaphragm. 


a" 
" 


stiffness beam relative that the slab. 


stiffness diaphragm relative that beam. 
concentrated load applied the slab. 
vertical deflection beams, positive 
vertical deflection diaphragms, positive downward. 


reactions offered the diaphragms the beams the bridge. 


bending moment beam T-beam, positive when producing 
compression the top fibers. 


Method Analysis 


Fundamental Concepts Load Distribution I-Beam Bridges 


Fig. shows typical plan and section the bridge analyzed. The dia- 
phragms have been placed one the following positions; namely, midspan, 
each third-point, each quarter-point, and midspan plus quarter points. 
avoid confusion, must understood that the designation “each quarter- 
point” used throughout the paper meant only those two positions one- 
quarter the span from the simply supported ends, not including the center 
point. The three-point case designated the “midspan plus quarter 
points”, 

Consider first I-beam bridge without diaphragms. When load ap- 
plied the bridge, distributed the slab the beams and ultimately 
the beams the abutments. Obviously, the beams act principal load- 
carrying elements I-beam bridge. Since the loads are distributed the 
beams through the slab, the proportion load each beam carries depends 
great extent the slab. The relation between the stiffness 
beam and slab expressed dimensionless coefficient: 


where modulus elasticity the material beam, 


modulus elasticity the material the slab, 


" 


moment inertia per unit width the cross-section the 
slab, and 
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Poisson’s ratio, taken zero the data given this paper. 


For bridge having proportion beam spacing span equal 0.1 and the 
particular value the approximate load distribution beams may 
shown Fig. interesting note that when the load applied over 
beam the slab tends spread the load the adjacent beams, thus reducing 
the burden beam The load thus transferred takes the form approximate- 
sine curve distributed load shown the figure. The total dis- 
tributed load indicated each curve. 

The distribution illustrated Fig. true only for the bridge with 
different relation between the stiffnesses the beam and slab would give 
different results. From the relation defined for evident that low 
value corresponds stiff slab and high value flexible slab. The 
effect slab stiffness the moment the beams for single load the 
bridge indicated Fig. which shows the influence lines for moments 
midspan beam the center beam 5-beam bridge which b/a 0.1. 

may the figure that for the curve which corresponds 
slab zero stiffness, the static moment due load carried en- 
tirely beam and equal 0.25 Pa, the other beams all having zero 
moment. the other hand, reduced 0.5, corresponding rela- 
tively stiff slab, the moment beam for load becomes 0.064 Pa, 
about per cent large the previous value. The moments the ad- 
jacent beams for the latter case are almost equal that the center 
This fact demonstrates the importance the slab thickness distributing the 
load the beams. However, relatively thick slab causes heavy dead load 
the structure and furthermore involves excessive cost concrete. Thus, 
some instances where the roadway slab thin, and therefore flexible, 
transverse framing device such diaphragms may introduced assist 
the distribution load. From the curves shown Fig. conceivable 
that all other conditions remain the same, diaphragms will prove more 
effective structure with high having relatively flexible slab, than 
one with low having relatively stiff slab. 

The major difference between the slab and diaphragm means dis- 
tributing the load lies the nature the loading transferred the beams. 
For diaphragm, the loads are transferred the form concentrated loads 
applied the points where the diaphragms intersect the beams. These loads, 
instead the approximate sine curve distributed loads shown Fig. for 
the slab, constitute the elements reduce the burden the loaded beam. 
this paper, all the bridges treated have roadway The addition dia- 
phragms these structures will cause combination the action the ap- 
proximate sine curve distributed loads and the concentrated loads. 


General Description Principle Analysis 


The basic principle the solution the problem replace the action 
the diaphragms the structure set equivalent forces acting the 
points intersection the diaphragms and the beams. The problem then 
reduced one finding moments bridge without diaphragms but subject- 
additional forces. The analytical solution large number simple- 
span right bridges, consisting slab supported five identical parallel 
beams but without diaphragms, has previously been made using the distri- 
bution procedure described Bulletin 304, and numerous influence tables 
for moment and deflection beams have been reported.(2) These influence 
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tables have been used for the calculation influence coefficients for 
beams the same structure with the addition diaphragms. must 
noted that the values moments and deflections for the bridges without dia- 
computed described above agree closely with those measured 
tests. 
Consider bridge consisting slab supported five identical I-beams 
with diaphragms framed transversely midspan the bridge. assuming 
that the connections between the individual diaphragms and the beams are 
fully effective, one can virtually replace the four separate pieces diaphragm 
one continuous cross beam. The bridge may now analyzed remoying 
the diaphragm and replacing set unknown reactions the points 
intersection the diaphragm and the beams shown Fig. This set 
unknown reactions can found the method consistent deformation. 
order solve large number cases, was found expedient break the 
load into its symmetrical and antisymmetrical components. The two com- 
ponents are then superposed obtain the final effect the load. The ad- 
vantage splitting the load lies chiefly reducing the number simul- 
taneous equations solved. Also this procedure was used treat differ- 
ent values and different loading conditions one operation 
outline the method analysis for three cases differing the ar- 
rangement diaphragms presented illustrate the procedure: 


Case Bridge with one diaphragm midspan only. 


Case Bridge with two diaphragms symmetrical positions with respect 


Case Bridge with three diaphragms, one midspan and two sym- 
metrical positions with respect 


Case Bridge with One Diaphragm Midspan Only 


The symmetrical and antisymmetrical conditions with respect the center 
beam, beam (see Fig. 2), are separately considered and then combined. 


(A) Symmetrical condition with respect beam 


(a) Using the two symmetrical unit loading systems shown Fig. 
(a) and (b), find the amount separation between the diaphragm 

and the beams points and The net deflection for the two 
free bodies should used that the end points, and are kept 
together with zero separation. 

(b) Find, from the relation obtained (a), two sets forces PB, 

but separation and whereas the other set PB, and 

(c) Find the separations between the diaphragm and the beams 
and relative horizontal line through and due the sym- 
metrical component the external load acting the structure. 
The antisymmetrical component external loading will taken 
care step (c) (B). 

(d) From the coefficients (b) and the separations found (c), find 
the forces that must present order make the separations 
equal zero. Forces will also present the end points 
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DIAPHRAGM REPLACED CONCENTRATED LOADS 


FIG.6 SYMMETRICAL AND ANTI-SYMMETRICAL UNIT LOADING SYSTEMS 
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satisfy statics. These forces reactions represent the restraint 
deflection offered the diaphragm the bridge. 


(B) Antisymmetrical condition with respect beam C.—The treatment 
this part similar that (A) except that this case, because anti- 


symmetry, there would separation point well points and 


(a) Find the amount separation between the diaphragm and the beams 
points and relative inclined line through A-C-E, under 
anti-symmetrical system loading shown Fig. 6(c). 

(b) From the relation found (a), find the force which will pro- 
duce unit separation Band The force not necessary 
since the relative separation point due antisymmetrical 
component the external load equal zero. 

(c) Find the separations between the diaphragm and the beams and 
relative inclined line through A-C-E, due the anti- 
symmetrical component the external load acting the structure. 

(d) Find, step (d) (A), using the relation from (b) and (c), the 
forces that must present make the separations equal zero. 


(C) Combine the reactions obtained (d) for both the symmetrical and 
antisymmetrical conditions. The bridge may then analyzed one without 
diaphragms but with additional forces acting along the diaphragm line 


Case Bridge with Two Diaphragms Symmetrical Positions with Respect 
Midspan 


The method used analyze this case similar the one outlined 
detail for Case must borne mind, however, that since there are 
now two diaphragms the structure, one must, steps (A) (a) and (B) 
(a) mentioned above, find the separations between the diaphragms and beams 
due the loading systems both diaphragms the same time. Further- 
more, the external load acting location not midspan the bridge, 
the symmetrical and antisymmetrical loading with respect beam must 
further resolved into symmetrical and anti-symmetrical loadings with re- 
spect midspan. This resolution shown graphically Fig. 

The combination described Case (C) should then composed 
four loading conditions shown Fig. However, the load applied 
midspan, the further resolution not necessary. 


Case Bridge with Three Diaphragms, One Midspan and Two Sym- 
metrical Positions with Respect Midspan 


This case can analyzed combination Cases and using the 
method superposition. Consider first structure with two diaphragms 
symmetrical positions with respect midspan the basic structure. Use 
the influence coefficients for moment and deflection found for this basic 
structure and analyze the original structure there only one diaphragm 


midspan. similar procedure may followed for bridge with more than 
three diaphragms. 
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Symmefrical with respect midspan (a) Symmetrical with respect midspan 


Results Analyses 


Description Bridges Analyzed 


All together eighty-five structures various ratios beam spacing 
span and various relative beams and slab, with diaphragms 
different stiffnesses spaced various locations the bridge, were analyzed 
and complete results the analyses have been reported thesis the 
writer. (4) 

One important preliminary consideration for selecting bridge ana- 
lyzed the ratio beam spacing the span bridge The selection 
the beam spacing has not been treated extensively the literature 
structural design. The economic phase the study complicated and in- 
volves several variables. general closer spacing will call for more rock- 
ers, rollers and bearing plates, and more steel for the diaphragm connections, 
but these disadvantages may offset the saving concrete the deck 
and the use shallower Wider spacing, the other hand, re- 
quires heavier slab but the cost steel fabrication and concrete forms will 
survey existing bridges has shown that most I-beam bridges 
have been constructed with beam spacing the range ft. This 
range spacing has been used throughout this paper. 

With consideration that the beam spacing fixed between the limits 
ft., particular relative proportion bridge assumed the analyses would 
actually indicate bridge certain span length. Hence, with these beam 
spacings, relative proportion bridge b/a 0.1 represents bridge having 
span from ft; b/a 0.2, span from ft., and b/a 0.3, 
practical interest for the study diaphragms since longer spans the size 
beams would large and consequently even distribution load the 
beams more desirable for economic reasons. this paper, results for 
case with b/a 0.1 are presented. 

was mentioned Section that diaphragms can more advantageously 
used bridges with high value the structures analyzed, the 
values used are and 20. These values were chosen represent most 
practical structures the slab and beam type, covering both the composite 
and non-composite 

The relative stiffness diaphragm beam conveniently expressed 


elasticity the material the diaphragm and beam, respectively, and 
and are the moments inertia the cross-section the diaphragm and 
beam, respectively. Before the analyses were begun, survey existing 
beam bridges, the plans which were collected from States and Ontario, 
Canada, was made. Results the survey indicated that the most common 
relative stiffness steel diaphragm (r) approximately equal 0.05. the 
data reported this paper, values equal 0.05, 0.15, 0.40, and infini- 
were, general, used. These values cover the extreme cases dia- 
phragms and infinitely stiff diaphragms, well the practical range from 
relatively flexible diaphragms relatively The value equal 

infinity was introduced into the analysis serve basis for comparison 
cases extremely stiff diaphragms. 
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DIAPHRAGMS 


The diaphragms were generally placed midspan, each third-point, each 
quarter-point, and midspan plus quarter points. Because the relatively 
long and tedious computational work involved evaluating moment coefficients 
for the case with diaphragms both midspan and quarter points, this case 
was considered the analyses only for one value equal 0.15 and for 
b/a 0.1. felt that considering only one diaphragm stiffness for this 
arrangement useful conclusions may drawn permit some generalization 
regarding the action such structure. Analysis for bridge with more than 
three diaphragms too time consuming and was not made. general the re- 
sults the investigations presented will furnish enough information allow 
reasonably good prediction the behavior bridge with more than three 
diaphragms. 


all the structures analyzed, the connections between the diaphragms and 
the beams were assumed fully effective. 


Influence Values for Moments Beams 


For each bridge considered, the basic step obtain set numerical 
values influence coefficients for moments various points beams for 
unit load moving transversely the bridge. Before the analyses were begun, 
was planned find the maximum moment the beam. However, the com- 
plexity the action structure under load made hard predict which 
location longitudinally the maximum moment the beam would occur for 
single load moving along the beam. For example, load applied away 
from midspan, would the maximum moment midspan under the load? 
Furthermore, the maximum occurs under the load, would occur mid- 
span, some other point the beam? considerable amount time 
can saved computation once generalization Thus, large 
number computations were made for moment midspan and moment under 
the load for the load applied different locations along the beam; the result 
indicated that the moment under the load generally the larger. These 
moments directly under the load are therefore used the investigation. 

Longitudinally, the load applied successively midspan, 5/12 4/12 
and 3/12 these positions being measured from the end the bridge. was 
found from the results computations made for the different positions the 
load that for cases with diaphragms two symmetrical positions with respect 
midspan, the maximum moments all beams occur midspan the 
bridge under the load. For these positions diaphragms, the moments 
midspan only are For cases with diaphragm midspan only, and 
both midspan and quarter points, the maximum moment point shifts and, 
consequently, moments midspan, 5/12 4/12 and 3/12 are derived. 
The value and position the maximum moment can obtained interpolat- 
ing from curves drawn with the known moment ordinates and their location 

Fig. shows set influence lines for edge, intermediate and center 
beams for bridge with b/a 0.1, and diaphragms quarter-points. 
The values considered are 0.05, 0.15, 0.40, and infinity. some- 
what difficult draw accurately curves this type with only five points de- 
fined, particularly when large horizontal scale being used. However, the 
plotting greatly facilitated following the general shape the curve for 


for which the values moment points between the beams are 
known, 
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From the shape the influence curves for moment the edge beam 
shown Fig. may seen that the addition more beams the far 
side the slab would generally cause little change the moment carried 
this beam, The influence line for intermediate beam would also changed 
only slightly the addition more beams the far side. The addition 
more beams either both sides the bridge might bring about some 
change the influence lines for moments the center beam, but general 
felt that the results obtained for five beams may used for structures 
having either four beams larger number beams than five. 


Moments Beams for Standard Truck Loads 


The standard truck loading for which moments are given that specified 
the AASHO Standard Specification for Highway Bridges. The standard 
truck has the wheels each axle spaced ft. apart, with front and rear axles 
spaced ft. apart. Each the rear wheels carries weight four-tenths 
the total weight the truck and each the front wheels carries one-tenth 
the total weight the truck, one fourth the rear wheel weight. The 
weight the truck tons designated numeral following H-20. 
The rear wheel load terms which the maximum moment coefficients 
this paper are stated, the weight rear wheel increased the impact 
factor. The front wheel always taken 

Each truck considered occupy the central part 10-ft. traffic lane; 
therefore, the minimum distance between the center wheel and the face 
curb taken ft., and the minimum distance between the centers 
wheels trucks adjacent lanes taken ft. 

Beam spacings and ft. are considered. These spacings cover 
the range dimensions most I-beam bridges. For the purpose spacing 
the loads the bridge, the face the curb has been considered lie direct- 
over the centerline the edge beam. The loads are then applied mini- 
mum ft. from the edge beam and the maximum value moment for each 
beam obtained placing these loads the highest ordinates the re- 
spective influence lines. Results for this case loading are given for beam 
spacings and ft. Unless noted otherwise this loading condition 
used plotting graphs presented this paper. For narrow beam spacings 
and ft., results are given for the additional case the outer wheel com- 
ing directly over the edge beam produce maximum value. This condition 
loading may occur actual circumstances since narrow bridge the 
outer wheel the truck may come nearer the curb; case the face the 
curb the bridge projected ft. outside the edge beam, this position the 
loads still satisfies the AASHO Specification. This special wheel load con- 
dition will designated ‘Edge Loading’. 

For the proportion bridges discussed this paper, two lanes loading 
generally produce the maximum moments the This condition 
loading possible when one truck passes the adjacent lane. For 
purpose simplification, only one truck each lane and only the rear wheel 
loads that truck are considered the paper. 

mentioned before, the shape the influence line approximated the 
regions between the beams, The data for the truck loading, which are the re- 
sults computation based the influence curves, should not therefore 
regarded exact. general, the values computed from the influence lines 
are plotted against the relative diaphragm stiffnesses. smooth curve joining 
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the computed points assures consistent value for different relative diaphragm 


Comparison Analytical and Test Results 


May 1957 paper ASCE Journal was published(5) describing test 
full size I-beam bridge. Part the test program was study the effective- 
ness the diaphragms lateral distribution loads such bridge. The 
bridge, representing one typical structure the City Houston Memorial 
Drive Project, 3-span continuous I-beam structure with the span lengths 
72-108-72 ft. The side and the center spans consist partly constant 
33WF141 ft. and ft., respectively, joined over the intermediate pier 
ft. haunched section made two 16WF70.5 with filler plate. The 
diaphragm studied trussed type placed midspan the ft. section 
33WF. Each half the bridge consists five longitudinal beams de- 
scribed above, running the direction traffic and spaced 7'-6" apart. 
The concrete slab has average thickness 6-1/4". 

When the positive moment section the center span the test bridge 
considered the simple span length, the span would roughly correspond 
analytical bridge with the proportion b/a 0.1, and relative 
stiffness diaphragm 0.40. Here, for conservative purposes, the value 
computed the basis non-composite section. The results 
comparison were presented the discussion the paper.(6) Fig. showing 
comparison the percentage distribution total moment beams the 
bridge reproduced here. Three curves are indicated; the first one given 
the test, the second one from the results this analysis and the third one 
for the same bridge with the diaphragms removed. The third curve was shown 
serve limiting case where the load distribution entirely due 
concrete slab. can seen from the figure that with the addition dia- 
phragm, the total reduction moment the center beam under loading 
much more than that the edge beam under loading general, the com- 
parison seems indicate reasonably good agreement between the test and 
the theoretical results, 


Discussion Results 


10. Relative Stiffness Diaphragm Beams 


One the problems that confronts most highway bridge engineers con- 
nection with the design diaphragms how stiff diaphragm should used 
I-beam bridge certain proportions. Would the diaphragms always 
effective, would the effectiveness directly proportional their stiff- 
ness? Would the diaphragm behave similar manner under unit load 
under truck loading? How much reduction moment can achieved 
introducing relatively flexible diaphragm I-beam bridge with span 
say from ft.? one the purposes this paper find answers 
these questions. mentioned before, the study has considered range 
stiffness diaphragm, corresponding relatively flexible relatively stiff 
ones built actual practice. Furthermore diaphragms infinite stiffness 
are introduced each case serve limiting condition for the effect 
extremely stiff diaphragms. 
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Under unit load, the effect increasing the stiffness diaphragm can 
seen from set influence curves presented Fig. general, the 
peak moments all beams decrease the diaphragms are made stiffer. 
may noted however that when greater than 0.40, the decrease becomes 
less pronounced the stiffness the diaphragm approaches infinity. Asa 
matter fact the figure indicates that the decrease the peak moments 
the beams approximately same magnitude increased one value 
higher the pattern 0.05, 0.15, 0.40, and infinity. may also observed 
that the influence curve for moment for the intermediate beam comparative- 
less susceptible changes due the addition diaphragms than those 
for the edge and center beams. These two phenomena are found signifi- 
cant when the structures are subjected standard truck loads, 

Fig. shows the moments beams for the same structure under 4-wheel 
loading plotted against the change stiffness the diaphragms. The 
beam spacings are from ft. and the loads are applied transversely 
the bridge midspan. For the 5-ft. beam spacing, the outer wheel as- 
sumed applied edge beam such loading produces maximum, 
whereas for the and ft. spacings, the outer wheel located least 
ft. from the edge beam. The curves reveal that the beam spacing and the 
relative diaphragm stiffness vary, different beam becomes significant 
the structure since acquires the largest moment among the beams. Two 
trends the behavior beams under 4-wheel loads may observed from 
the figure: (1) the beam spacing increases, the increment moment 
beam the intermediate beam the structure, always larger than those 
the other beams and this beam thus has the tendency become the signifi- 
cant beam the structure. the figure for and ft., beam does have 
the largest moment; and for ft., beam becomes significant when the 
relative stiffness diaphragm exceeds certain (2) For beam spac- 
ings and ft. beam has the lesser least moment among the beams 
and not significant. 

understanding how the various beams become significant for differ- 
ent conditions helpful predicting the beneficial effects diaphragms. 
One may observe from Fig. that the curves for beams and are both 
sloping downward the right, with beam having generally steeper slope. 
When these beams become significant, maximum moments are reduced the 
diaphragms are added, the reduction being larger for the case when beam 
controlling. has been mentioned previously that the influence line for 
moment the intermediate beam relatively irresponsible changes 
diaphragm stiffness. Thus, when this beam becomes significant, the curve ex- 
pressing the relation between the moment under 4-wheel loading and stiffness 
diaphragm usually flat. other words the reduction moment slight 
even with the addition stiff diaphragm. However, the characteristics 
the curve for beam are such that the moment increases the diaphragm 
stiffness increased. This unusual phenomenon for edge beam will fully 
discussed Section ‘Behavior Edge 

Consider again the curves Fig. 10. One consistent phenomenon may 
observed for all beam spacings; that is, the curve for all the beams flatten 
out almost horizontal line when passes the value 0.40. This 
indicates that only negligible change moment can obtained using 
diaphragm stiffer than 0.40. fact this characteristic was found 
present all the b/a 0.1 cases analyzed with diaphragms midspan, 
each quarter-point, and each third-point. This phenomenon due chiefly 
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the proximity the influence lines for 0.40 and infinity. Section 
will shown that the same characteristic exists for different stiffness- 
beams and slab. 

The statement may then made that I-beam bridge having b/a 0.1 
and the range from 20, diaphragm with per cent that 
each beam almost effective infinitely stiff one reducing the 
maximum moment the bridge. matter fact, with due considerations 
given the relatively greater reduction moment the range small dia- 
phragm stiffnesses and the impracticability using very stiff diaphragm 
actual construction, flexible diaphragm with relative stiffness the range 
per cent that the beam recommended for use design. 
will shown later Section that the lower limit (5%) favored for 
bridge with high corresponding composite construction, 


11. Comparison Study for Different Positions Diaphragms 


has been mentioned before that the redistribution load the beams 
through the diaphragms takes the form concentrated loads the points 
intersection the diaphragms and the beams. Obviously the most effective 
positions for the diaphragms should near the section where the load 
applied. The study presented this section was undertaken investigate 
the position which the diaphragms should placed order distribute 
the load most effectively. The criterion comparison the maximum 
moment that may produced under specified loading condition. Relative 
stiffnesses diaphragm beam the range infinity are included 
the comparison. The data from the analyses for diaphragms midspan, 
each third-point, and each quarter-point are used. 

Owing the fact that the stiffness diaphragm not proportional its 
weight, comparison structures with total amount diaphragm stiffness 
distributed various positions such midspan third-points would not 
provide criteria the practical sense; hence, equal amount diaphragm 
stiffness each location the structure used. For example, the 
structure provided with two diaphragms the third-points, each with 
relative stiffness 0.10, compared structure with single dia- 
phragm midspan with relative stiffness 0.10. The cost diaphragms 
the structure with one diaphragm midspan would therefore only half 
that with diaphragms each third- quarter-point. the figures that 
follow, the value shown the curves denotes the relative stiffness the 
single center diaphragm, the stiffness each diaphragm third 
quarter point. 

Fig. shows the relation between the position the diaphragms and the 
maximum moment the loaded beam due unit load moving across the 
bridge for the case b/a 0.1 and 10. Note that when there dia- 
phragm, the maximum moment the structure constant and represented 
horizontal line. Each curve determined three points, representing 
diaphragms midspan, each third-point, and each quarter-point. For the 
structure with diaphragms each third- quarter-point, the maximum 
moment occurs midspan the bridge, whereas the maximum moment for 
diaphragm midspan may not midspan and the moments plotted 
Fig. were obtained interpolating between computed moments midspan, 
and 5/12, 4/12, and 3/12 the span length from the end the bridge. 
Fig. 11, all the curves with diaphragms are found below the straight line, 
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r=0. This fact indicates that under unit load the moments all three beams 
including the edge beam are reduced with the addition diaphragms. 

While preparing Fig. the writer noted with interest the relationship be- 
tween the position maximum moments the beam and the location the 
diaphragms the structure. When the load acting over the edge beam, the 
maximum moment the beam found occur always midspan the 
bridge the vicinity midspan, depending the position the dia- 
phragm. Naturally diaphragm framed the section nearest the section 
maximum moment, which this case the load position, transfers the load 
more effectively. can expected, therefore, that under this condition the 
center diaphragm acts more effectively than diaphragms the third- 
quarter-points, However, when the unit load acting over beams the 
position maximum moment for the structure with center diaphragm shifts 
away from midspan considerably. This position may far the third- 
quarter-point the bridge. Consequently the center diaphragm some 
distance from the section maximum moment, the load position, and thus 
can not more effective than the diaphragms the third- 
Fig. can seen that for beam and very stiff diaphragm, the maxi- 
mum moment for the case with diaphragms third-points becomes slightly 
less than that with diaphragm the midspan. 

Except for the slight deviation discussed above, may concluded that, 
for all three beams and three positions diaphragms shown Fig. 11, the 
trend the curves indicates that the structure with the diaphragm midspan 
yields the least moment; the moment becomes larger for diaphragms the 
third-points, and largest for diaphragms the quarter-points. 

Similar curves showing the relation between the position the diaphragm 
and the moment the beams under 4-wheel loading are given Fig. 12. 
Under truck loading, necessary assume spacing the beams the 
bridge before the computations for moment can Consideration 
given beam spacings and ft. For ft. beam spacings, the outer 
wheel permitted come directly over the edge beam order produce 
moment. For beam spacings and ft., the outer wheel 
assumed least ft. from the edge beam. The variations moment 
the beams for different relative diaphragm stiffnesses for these two cases 
are shown Figs. (a), (b), (c) and (d). noted that the value 
indicated each curve represents the relative stiffness the single center 
diaphragm the relative stiffness each the diaphragms the third- 
quarter-points. mentioned before, the computation moment for 4-wheel 
loading generally involves some approximation because the influence lines 
from which the moments are calculated are approximated the regions be- 
tween the beams. This approximation may cause some points deviate from 

the true curve. general, the curves were smoothed and cross-checked for 
consistency all cases studied. The trend the curves was found 

Fig. shows one interesting fact; whereas, for the intermediate and the 
center beams, the curves showing the relationship between the moments and 
the position diaphragms indicate similar trend that for unit loading, 
the edge beam exhibits entirely different behavior. Not only does the po- 
Sition diaphragm midspan yields the maximum moment the three po- 

shown, but the addition diaphragm increases the moments the 

beam under the truck loading. This comparison brings out the major im- 
portance studying the structure under truck loading. This peculiar behavior 

the edge beam will more fully discussed Section 13. 
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Except for the edge beam, the same conclusion for unit loading may gener- 
ally applied here the comparison for the three positions diaphragms 
shown Fig. 12; that the structure with the diaphragm midspan yields 
the least moment, the moments become larger for diaphragms the third- 
points, and largest for diaphragms the 


Diaphragms Both Midspan and 


far the discussion the positions the diaphragm has been limited 
those midspan, each third-point, and each quarter-point. the analyses 
for b/a 0.1, the case with diaphragms both midspan and quarter-points 
has been treated for 10, and 20. Owing the complexity the compu- 
tational work involved, only one value relative diaphragm stiffness, 0.15, 
was analyzed. Results computed for all three values indicated that the 
structures displayed consistently the same characteristics, appeared possi- 
ble then, with the limited information hand, interpret the general be- 
havior the bridge with three diaphragms. 

Table compares the moments the loaded beam for unit load moving 
across the bridge. the first column the table are listed the moment 
values for the bridge with three diaphragms, one midspan and one each 


TABLE 
COMPARISON MAXIMUM MOMENTS BEAMS DUE UNIT LOAD 


Relative Proportions Bridge b/a 0.1 


Relative 
Midspan and 
1/4 points Midspan 
0.159 0.159 
0.101 0.101 
0.089 0.092 
0.167 0.168 
0.105 0.109 
0.093 0.100 
0.172 0.174 
0.108 0.116 


0.096 0.109 
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quarter points, each with relative stiffness equal The second 
column indicates moments for bridge having one center diaphragm, the 
stiffness which equal that the central one the bridge with three 
diaphragms. surprising note that the maximum controlling moments 
beam check closely for these two cases for all three values This 
indicates that bridge which already has diaphragm midspan, the ad- 
dition diaphragms the quarter-points will not help reduce appreciably 
the maximum moment. However, may seen that the moments beams 
and are reduced slightly with the addition extra diaphragms. 

Similar comparisons for moments under 4-wheel loading are made 
Table for beam spacings and ft. Again, the values moment are 
surprisingly close for the two cases, they were under unit load. 

may then concluded that under both unit load and standard truck loads 
the effect the moment beams bridge with three diaphragms, one 
midspan and two the quarter-points, can approximated the assumption 
that the structure has only one diaphragm midspan with those quarter- 
points omitted. other words, far the maximum moment concerned, 
the addition diaphragms each quarter-point bridge which already 
has midspan diaphragm will not alter appreciably the behavior the bridge. 

follows from this conclusion that for construction purposes diaphragms 
other than the one the midspan are required for long span I-beam bridges, 


they may made nominal size and spaced not more than ft. apart 
specified 


12. Relative Stiffness Beams Slab 


stiffness beams slab which defined the expression 


one the important factors affecting the behavior I-beam 


bridge. The effect different values the moments beams 


bridge without diaphragms has been discussed earlier Section 
obvious from the discussion that, for bridge with high corresponding 


structure with relatively flexible slab, the load the bridge will not 


distributed effectively the supporting beams. Since thick roadway slab 


serves effective means distributing the load that comes it, the ad- 


vantage framing diaphragms the bridge can best realized when the 


slab the bridge relatively thin. Consequently this paper, was intend- 
analyze bridges having value larger than the normal amount. 
Newmark stated his paper(7) design I-beam bridges that general 
the value for representative designs 60-ft. span may range from 
for non-composite beams, from for composite I-beams, and from 

for concrete T-beams; for other span lengths, the values are 
roughly proportional the span, increasing slightly less rapidly than the span 
increases, For 60-ft. span bridge with beam spacing ft., which corre- 
sponds b/a the values considered this paper are 10, and 20. 
These values may seen correspond roughly the three types con- 
struction mentioned above, 


From the formula which expressed, may seen that the compu- 


tation subject considerable uncertainty since both the modulus 


elasticity and moment inertia the concrete slab are Neither 
these quantities can determined accurately. The modulus elasticity 
concrete depends several factors, such the aging the concrete, the 
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TABLE 

Beams, Midspan and 

1/4 Points Midspan 
0.229 
0.22€ 
0.225 0.226 
0.242 0.240 
0.236 0.229 
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0.238 0.244 

0.271 0.272 

0.246 0.257 

0.299 ©.300 
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type aggregate, the plastic flow concrete, etc. The moment inertia 
the concrete depends the state the slab under load. When the slab cracks 
from moments the transverse direction, the relative flexural stiffness 
slab reduced the section where cracking occurs. However, the average 
transverse stiffness only slightly reduced cracking since there are usual- 
fairly large sections slab that still remain whole. For this reason and 
simplify the computation, the value used determining has been 
calculated for plain concrete slab full depth without cracks, The in- 
crease stiffness resulting from the presence transverse steel may off- 
set some extent the decrease caused cracking. This choice for the 
slab determining has been justified the results tests. 

Fig. and are shown the percentage change maximum moment 
under standard truck loads for bridges having b/a 0.1 and various values 
and relative diaphragm Since the effect edge beam will 
treated separately Section 13, the maximum moments shown the figures 
were obtained for either the intermediate the central beam which the 
maximum occurs, and the change moment was computed with respect the 
same bridge, but without diaphragms, Diaphragms midspan and each 
third-point bridges with beam spacings ranging from ft. are con- 
sidered. 

illustration show how much the reduction would 60-ft. span 
bridge with beam spacing ft., corresponding b/a 0.1, consider the 
bridge with diaphragms each third-point, each having per 
cent that The maximum moment reduced approximately 
and per cent from that the same bridge without diaphragm, for 

10, and 20, respectively. for the same bridge, the diaphragm placed 
midspan and stiffness equal per cent that beam, the reduction 
would approximately and per cent, for 10, and 20, re- 
spectively. This illustration would indicate that for bridge with composite 
construction, the reduction live load moment the interior beams could 
appreciable amount even with the addition relatively flexible dia- 
phragm. This advantageous effect diaphragms may utilized the design 
these beams. 

may seen from Figs. and that, where the reduction moments 
pronounced the cases with the beam spacings from ft., for beam 
spacing ft. and under edge loading the effect diaphragms reducing 
the moments these beams becomes insignificant even the bridge with 

Another interesting phenomenon observed both Figs. and 
that for all three values the reduction moment remains almost constant 
when the relative diaphragm stiffness (r) exceeds 0.40. This phenomenon has 
been discussed for the particular value Section and obviously 
the results shown here would confirm our previous conclusion that, for 
that each beam almost effective infinitely stiff one reducing 
the maximum moment the bridge. can also seen from Figs. and 
that the range from 0.05 0.10 represents region when large re- 
duction moment may resulted the introduction flexible diaphragm; 
for higher value corresponding composite structures, the more flexi- 
ble diaphragm (say, 5%) relatively more effective. From this con- 
sideration and the practical aspects construction diaphragms, this range 
0.05 0.10 has been recommended for use practical design. 
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13. Behavior Edge Beam 


The design the edge beam I-beam bridge almost all instances 
separate problem for the highway bridge engineers related the 
problems involved the design the center and intermediate beams. 
Whereas the intermediate and center beams are generally made same 
section due the proximity their combined dead, live and impact moments, 
the edge beam subjected different dead and live loads. For ordinary 
cross section the bridge, the edge beam usually takes only half the panel 
the concrete roadway slab, but this dead load increased the weights 
the curb and railings and other accessories such conduits, electrical 
cables, etc. may assumed that even with the increase these additional 
dead loads, unless for excessive cantilever the edge the slab, the 
moment due the dead load for edge beam still less than that the 
interior beams. For the live load, instead fraction (equal beam spacing 
divided constant) wheel load specified AASHO for the interior 
beams, the portion wheel load the edge beam taken the simple span 
reaction, considering the end panel simply-supported slab. Under these 
provisions, the combined moment the edge beam would, gener- 
al, still smaller than that the interior beams and, the past, many 
bridges have been designed with lighter edge beam than the interior ones. 
For composite structure, owing the fact that only half the slab panel 
could used for the tee the composite beam, the edge beam may require 
heavier section order resist the combined moments. 

The design characteristics edge beam I-beam bridge being such 
described above, was deemed proper consider separately the effects 
diaphragms the edge beam and present them this 

Sections and 11, the course discussing the relative stiffness 
diaphragm beams and the comparison study the different positions the 
diaphragm, was pointed out that while the intermediate and the center beams 
showed reduction moments due the addition diaphragms, under 
wheel loading the moment the edge beam increased. With reference 
Figs. and 12, the following factors affecting the increase moment the 
edge beam may noted; (1) the stiffness diaphragms increases, the in- 
crease moments becomes greater, (2) the increase moments more 
pronounced the range relatively flexible diaphragm stiffness, and (3) the 
increase more significant when the diaphragm framed midspan and, 
the diaphragms are spaced further from the midspan the bridge, the in- 
crease becomes less. 

Figs. and are presented show the increase moment the edge 
beam under 4-wheel loading for the cases with diaphragms midspan and 
third-points structures having ranging from 20. Here, the per- 
centage the increase moment over the moment the same bridge without 
diaphragms plotted against the various Beam spacings from 
ft. are shown. For the and 6-ft. beam spacings, the possibility 
outer wheel coming over the edge beam taken into account, whereas for 
ft. from the edge beam. pointed out above, the increase moment 
much less for the bridge with diaphragms each third-point (Fig. 16) than 
the one for midspan (Fig. 15). For both cases, the effect less significant 
small beam spacings and ft. under edge loading condition. However, 
the increase shown for beam spacings from ft. Fig. sizable 
proportion. For instance, 60-ft. span bridge with beam spacing ft. 
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and diaphragm 10%framed midspan bridge, the percentages in- 
crease moment are 17, and 28, for 10, and 20, respectively. For 
the bridge described above, with two-lane and 10, the live plus impact 
moment would constitute approximately 60% the total moment. Hence, the 
increase moment the edge beam would about 10% with respect the 
design moment. For composite bridges and stiffer diaphragm, this per- 
centage may much higher. Overloading edge beam this type has been 
observed test and statements were made make edge beam same 
size the interior beams.(5) From results this study may concluded 
that design edge beam the live load moment should increased 
percentage remedy this harmful effect the diaphragm. Figs. and 
may used guide obtaining quantitively this percentage increase for 
various bridges. 

must brought out this point that all the previous comments de- 
sign and recommendation the edge beam are based primarily the pro- 
visions for load distribution exterior stringer stated the sixth edition 
(1953) the ASSHO Specification. the seventh edition (1957), the following 
changes with regard the design exterior beam were made; (1) For dead 
load, the weights curbs, railings and wearing surface, placed after the 
slab has cured, may considered equally distributed all roadway string- 
ers, and (2) the fraction wheel load for span with concrete slab supported 
four more steel stringers shall not less than: 


and distance feet between outside and adjacent interior stringer. Under 
this new provision, the live load factor not dependent the transverse 
projection the edge the roadway slab beyond the exterior stringer. When 
compared computation wheel load based simply-supported end panel 
(as done the sixth edition), the new wheel load factor larger when the 
projected portion the slab small and smaller when the projection 
excessive, For example, for cross-section roadway with the curb 2-ft 
outside the centerline the exterior beam, corresponding wheel load act- 
ing directly the edge beam, the live load factor given the seventh edition 
average larger than the ones sixth edition for beam spacings 

ft. For the case where the edge the curbe the centerline 
the exterior beam, the new wheel load factor would considerably larger. 
The purpose this discussion bring out the fact that, except cases 
where the transverse projection the roadway slab beyond the exterior 
stringer large, the live load factor for the exterior stringer given the 
seventh edition the AASHO Specification has already been arbitrarily made 


greater than that derived the conventional calculation using simply- 
end 


CONCLUSION 


Throughout the presentation the paper, emphases have been given 
beam bridges with relative proportion b/a 0.1 and the range 
20. pointed out Section these proportions were chosen represent 
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practical range longer span I-beam bridges covering both the composite 


and non-composite construction. The following conclusions may drawn 
from the results this analytical study: 


(1) diaphragm with relative stiffness per cent that each beam 
almost effective infinitely stiff one reducing the maximum 
moment the bridge. For practical considerations, flexible dia- 

phragm with relative stiffness the range per cent that 
the beam recommended for use design; the lower limit (5%) be- 
ing favored for bridges with high corresponding composite con- 
struction and the higher limit (10%), for non composite structures. 
(2) Under both unit and standard truck loads, the addition diaphragm re- 
duces the maximum moments the interior beams. general, the 
moment these beams the structure with the diaphragm midspan 
yields the least value; the moment becomes larger for diaphragms 
the third-points, and largest for diaphragms the quarter-points, 

(3) Although under unit load the moment the edge beam reduced, under 
4-wheel truck loads the addition diaphragm causes increase the 
moment, The increase more significant for the case with diaphragm 
framed midspan and becomes less they are spaced further from 
the Percentages increase moments edge beam for 
various bridges have been shown Figs. and 16, Live load moment 
edge beam, computed the assumption simply-supported end 
panel, should increased design percentage similar those 

shown Figs. and provide for this harmful effect the dia- 
(4) The effect diaphragms the moment beams bridge with three 
diaphragms, one midspan and one each the quarter-points can 
approximated the assumption that the structure has only one dia- 
phragm midspan with those the quarter-points other 
words, far the maximum moment concerned, the addition 
diaphragms each quarter point bridge which already has mid- 
span diaphragm will not alter appreciably the behavior the bridge. 
From this conclusion follows that, for construction purposes, dia- 
phragms other than the one midspan are required for long spans, 
they may made nominal size and spaced not more than ft. 
apart specified AASHO. 
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ANALYSIS TWO-COLUMN SYMMETRICAL BENTS 


SYNOPSIS 


method utilizing cantilever moment distribution, symmetry, and anti- 
symmetry for the direct solution many symmetrical two-column structures 
with loads between joints presented. symmetrical multi-story bent with 
loading the columns analyzed equating the loading cases sym- 
metry and antisymmetry. 


SYMBOLS 
VAB shear carried member joint 
moment acting joint from member 
fixed-end moment acting joint from member 
cantilever fixed-end moment acting joint from member 


SIGN COVENTION 


Positive moments will defined those which tend rotate the joint 
clockwise. 


INTRODUCTION 


The direct solution multi-story two-column symmetrical bent with any 
horizontal loading the columns the girders possible cantilever 


Note: Discussion open until October 1959. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. Paper 2037 
part the copyrighted Journal the Structural Division, Proceedings the 
American Society Civil Engineers, Vol. 85, No. May, 1959. 
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moment distribution? with cantilever fixed-end moments and ordinary moment 
distribution. This accomplished equating the loading cases sym- 
metry and antisymmetry and summing the results the separate moment 
distribution solutions, 


Cantilever Moment Distribution 


direct moment distribution method for the solution joint translation 
problems applicable many structures with identical chords columns 
given ina paper2 Grinter and Tsao. This cantilever moment 
distribution depends upon known shear acting each column, The structure 
allowed translate and the joints are released, the carry-over factor 
made such that there change column shear. 

Fig. column allowed translate due the applied moment, 
The slope, caused this moment ML/EI compared ML/4EI had 
the column not been allowed translate. Hence, for cantilever moment 
distribution the effective stiffness factor the column only 1/4 that 
member that not allowed translate. The carryover compared 
+0.5 for moment distribution without joint translation. 


Cantilever Distribution For Simple Bent 


solution simple bent using cantilever moment distribution given 
Fig. The fixed-end moment for translation without rotation 100 ft. 
kips each end each column (i.e., total kips times ft. 400 ft. 
kips). The top member has effective stiffness 6EK due the anti- 
symmetrical moments caused sidesway. The column has effective 
stiffness 1/4(4EK) EK. The distribution factors joint are 1/7 for 
the column and 6/7 for the top The unbalanced moment +100 
causes distributions -1/7(100) -14.3 the column and -6/7(100) -85.7 
the top member joint The carryover -1(-14.3) +14.3. The 
total moments shown are the final moments. 


Cantilever Fixed-End Moments 


Fig. simple symmetrical bent with antisymmetrical loads the 
columns, From this antisymmetry the shear the base the columns 
known. horizontal load transferred the top girder. fixed-end 
moment used that allows the frame translate without horizontal load be- 
ing transferred the girder, cantilever moment distribution may 

Fig. beam with one end fixed and the other end guided re- 
tain slope zero while not developing any end reaction the guided 
end allowed rotate and not develop end reaction, then the carryover 
from the fixed-end -1. Thus cantilever fixed-end moments (one 
end fixed and the other end guided) are used, symmetrical bent having anti- 
symmetrical loading may analyzed cantilever moment distribution. 
Fig. gives equations for cantilever fixed-end moments for the cases shown, 


“Joint Translation Cantilever Moment Distribution”, Grinter 
and Tsao, Proceedings, ASCE, Vol. 79, Separate No. 298. 
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SYMMETRICAL BENTS 
Multi-Story Bent Solution Symmetrical and Antisymmetrical Loading 


{ 
Fig. 6(a) two-story bent with loading The circled numbers 
are relative vaiues the stiffness the members. The loading may 
equated symmetrical (Case and antisymmetrical (Case II) loading 
(Fig. 6(b) and solving these two equivalent loadings the results may 
added give solution for the original loading the frame. 
Case there joint translation due the symmetry the loading. 
The girders due the symmetrical end moments have stiffness 2EK 
relative stiffness 1/2 their values 1/2(1) 1/2. 
The distribution factors joint are for member AA: 


and for member AB: 


The distribution factors joint are; for member BB: 


and for members and BC: 
2/3 


Usual fixed-end moments are used. The solution Case given Fig. 
(a). 

For the antisymmetrical loading Case the girders, for antisymmetri- 
cal moments, have relative stiffnesses 3/2 times their values. The 
columns cantilevers have corrected stiffnesses 1/4 their values. 

The distribution factors joint are: for member AA; 


1/4) (2/3 


The distribution factors joint are: for member BB; 


and for members and BC; 


1/2) (2/3 
(3/2)(1) (1/2) (2/3) (1/2) (2/3) 0.091. 


The equations Fig. are used determine the cantilever fixed-end 
The cantilever fixed-end moment due the concentrated 
follows: 


0.364, 


and for member AB; 


1/2 = 0.429, 
2/ 3+1/2 
2/3 
| = 0.571. 
» 
0.818, 
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SYMMETRICAL BENTS 


(B) SOLUTION 


A 


-86.7 


CASE 


+3.0 +17 
+ + 3 
+6.0 +78.0 
+4.6 +87.6 


{ 
The cantilever fixed-end moment due the uniform load follows: 


Therefore the total cantilever moment, +16.5 ft. kips. Similarly 


The cantilever fixed-end moment for due the uniform load 
the column 1/6wL2 +12 ft. The cantilever fixed-end moment due 
the accumulated shear from the panel above must added. This portion 
the fixed-end moment (for shear load kips and Fig. 5(a) ft.) 


ft. kips. Therefore the total ft. kips. 


The cantilever fixed-end moment due the uniform load the column 
1/3wL2 +24 ft. kips. this must added the fixed-end moment 
+54 ft. kips due the accumulated shear the above panel, calculated 
above. The total cantilever fixed-end moment +78.0 ft. kips. 

Fig. 7(b) the solution Case cantilever moment distribution using 
cantilever fixed-end moments for loads the columns, 

Fig. Cases and are added give the solution the loaded frame 
(Fig. 6(a)). 

Additional stories panels present added problems. The solution also 
applies Vierendeel Truss with equal parallel chords. 


Variable Moment Inertia 


The method just outlined applicable the case where the members are 
variable moment inertia frame symmetry retained. The stiffness 
the columns must modified and ordinary fixed-end moments may 
modified use with cantilever moment distribution. 

Fig. simple frame with variable section columns. Ordinary beam 
constants for the column are follows: 

Ordinary F.E.M. for uniform loading are Mpa 0.1451 and 
Map 0.0561 


Fig. the resulting M/EI diagram due unit rotation with 


translation. Equating the area the 


1.778 which the stiffness AB. Fig. the moment diagram re- 


sulting unit rotation each end, which equivalent translating the 
column without rotation. The shear resulting from uniform load with 
end and fixed (no translation) 0.411 wL. the column translated 
without end rotation equal shear acting opposite direction the 
0.411 and the resulting end moments are added the ordinary fixed- 
end moments, cantilever fixed-end moments are Fig. 11, which 
equivalent translating the column without end rotation, gives the moment 
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FIGURE 


ith 
Adding these moments with regard signs the ordinary fixed- 
moment end moments results the following cantilever fixed-end moments: 
Fig. 12(a) the symmetrical loading. Ordinary stiffness, fixed-end 
moments, and carryovers are used the solution (Fig. 12(b)). 
Fig. 13(a) the antisymmetrical loading. The modified stiffness 


re- 


the 
with 
the 


1,778 the columns, the cantilever fixed-end moments, and the carry- 


over are used for the solution Fig. 


Fig. the symmetrical and antisymmetrical loading solutions are added 
give the final solution. 
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MOMENTS CONTINUOUS BEAMS FLEXIBLE 
Closure Robert Williamson 


ROBERT WILLIAMSON, ASCE.—Mr. Bergman’s excellent dis- 
cussion sincerely appreciated. His presentation permits comparison be- 
tween the successive approximation technique the paper and approximate 
method based finite differences. The latter solution provides acceptable 
values deflections, and, with the use sufficient number additional 
pivotal (nodal) points, will yield essentially correct moments. 

The finite difference approach powerful method capable solving 
variety complex problems which are beyond the capacity less sophisticat- 
methods, through the substitution simultaneous equations for differential 
equations. When applied the example solved this paper, Mr. Bergman’s 
adaptation the finite difference method determines deflections ef- 
ficient way the formulation set such equations which can solved 
readily using iterative technique. 

However, the objective provide the designer with reasonably accurate 
moments, and this Mr. Bergman’s solution fails do. The moments are 
grossly error, shown the following tabulation, which indicates the 
discrepancies between the moments obtained the paper balancing angle 
changes (Method A), and those derived statistical considerations from 
Mr. Bergman’s results (Method B). These differences are expressed per- 


centages the results Method Also shown similar comparison 
deflections. 


Discrepancies Moment and Deflection Percent 


Moments B-A -48 -61 174 
100 


Deflections -0.3 0.5 


The very large differences moment, which, for the most part, appear 
caused seemingly minor discrepancies deflection less than 5%, illus- 
trate the extreme sensitivity bending moments very slight errors 
computed deflections problem this type. 

Calculation accurate bending moments statics, from the deflections 
Method apparently requires that these deflections computed using more 


Proc. Paper 1631, May, 1958, Robert Williamson. 


Structural Engr., Holmes Narver, Engrs.-Constructors, Los Angeles, 
Calif. 
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than four pivotal points, because the approximation which expresses 


terms deflections. This may increase the number unknowns the point 
where there would little gain, any, computational efficiency, 
afforded the repetitive tabular “bookkeeping” procedure balancing angle 
changes. Furthermore, view the large errors moments obtained 
four pivotal points, one might question the accuracy results obtained with 
even eight pivotal points, which, incidentally, would require solving eight 
simultaneous equations. should noted that the technique balancing 

angle changes involves questions accuracy except those concerned with 

the degree convergence; increased accuracy matter more cycles, 

not more unknowns. 


| 
REFERENCES the 
Prentice Hall Inc., New York 1952, pg. 147-148. 
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ANALYSIS FINITE BEAMS ELASTIC 


Corrections Discussion Alexander Dodge 


CORRECTIONS DISCUSSION ALEXANDER DODGE,! 
the January, 1959, Journal the Structural Division, page 168, the line 
above Table the correct expression for 


and the reference correction this expression, given page 189 the 
March 1959 Journal the Structural Division, hereby deleted. 


ASCE.—The author wishes thank the discussers for 
their very interesting contributions. The alternative method analysis 
finite beams elastic foundation which has been suggested Mr. Reddy 
very elegant, while the ones suggested Messrs. Retti and Dodge are ex- 
cellent examples efficient and knowledgeable engineering design. 

his own paper the author attempted present iteration technique 
which employs simple concepts and can duplicated after minimum 
training. The method quite flexible and effective handling problems much 
more complex than the given example. answer Mr. Retti’s related re- 
mark may pointed out that any complex loading requires exactly the same 
amount labor after the original computation the “end forces” and moment 
and shear diagrams the infinite beam. Moreover, sufficient have 
the influence lines those “end forces” order reduce any problem 
very simple accounting task. The method also very easily adaptable the 
use modern electronic computer. The iteration always converges except 
for the extreme case infinitely rigid beam. This brings Mr. Dodge’s 
objection the “arbitrary” distinction between long, medium, and short 
beams. The answer this criticism that this distinction purely oper- 
ational claim being made its being either logical well defined. 
principle about arbitrary the age-old design assumption many 
footings rigid, computing foundation reactions. The classification 
beams given the last section the paper intended merely guide 


designer and appears guarantee accuracy least 3%, may 


ascertained observing the variation the “carry-over” factors with 
Finally, unfortunate that the correction published No. 1922, there 
was typographical error resulting reference “Movement” diagram. 


Proc. Paper 1722, July, 1958, Gazis. 
Tech. Asst., Corp. Engrs., Portland, Ore. 


Sr. Research Scientist, Research Staff, General Motors Corp., Detroit, 
Mich. 
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coin new term for the “Moment” diagram. 


was not the intention the author introduce new type diagram, 
q 
¥ 
a 


Proc. Paper 1816, October, 1958, Panagiotis Moliotis. 


GENERALIZATION THE SUCCESSIVE APPROXIMATION 


Discussion Perng-Fei Gou 


Moliotis has derived general formula express 
the new index stiffness and formulas expressing the carry-over factor for 
such frames whose joints the frames are small undeformed area. Those 


formulas can also derived the well known slope-deflection equation. 
The derivations are given below: 


Derivation the Index Stiffness 
Fig. the bending moments are given the slope-deflection equations 


Member equilibrium, then 
Member AA' equilibrium too, then 
Substitute Eq. (1) and (3) into (4), then obtain 


the definition stiffness (that moment which, when applied the pin 
end beam will cause there unit rotation when the far end fixed against 
rotation.) then let equal zero and equal Therefore, 


then 4EK. That the general expression stiffness under the 
assumption that the joints the ridge frame are point connections. 
Eq. (6) identical with Eq. (13) which derived Mr. Moliotis. 


Special Case 
(a) That the case which the joint pin. Then, 


Asst. Civ. Eng. Dept. Cheng Kung Univ., Tainan, Taiwan Free China. 
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Substitute (7) (5) and let then 


(8) 
(b) Then 
Substitute (9) (5) and let Then have 


le 


(8) 


(9) 


DISCUSSION 


26K 


(c) That is, member through the same angle the 
far end the near end and the same direction. (5) let then 


rigid frames whose joints are point connection. 

(d) That the case which the member frame rotates through 
the same angle the far end the near end but the opposite direction. 
other words, the case symmetrical condition. Eq. (5), let 


(10) 


(11) 


Eq. (12) the modified stiffness symmetrical condition point joint 


(12) 


Derivation Carry-Over Factors 


(13) 


the definition carry-over factor obtain, 
Substitute (13) and (5) for and respectively (14), then have 


Eq. (15) the general expression carry-over factor and practically 
equal the Eq. (19) which Mr. Moliotis gave. 


Special Cases 
(a) This the case which section fixed end. 
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(b) That the case which the section pin joint. 
Eq. (7) for Eq. (15) then, 


Aob s 


(c) That member built-in one end, pin joint Section 


From Eq. (9) and (15) have: 


(d) (15) can changed into the following equation. 


1+34 -2-34 +3 de 


1434 


(16) 


Substitute 
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MATRIX FORMULATION SLOPE DEFLECTION 


Discussion Ming Pei 


MING PEI,! ASCE.—Professor Wang has presented very inter- 
esting paper how formulate rigid frame problem for solution 
electronic digital computers. The timeliness and the interest 
the subject indicated the fact that another paper also appeared the 

same issue the Journal the Structural Division. 

The object rigid frame analysis determine the unknown joint ro- 
tation (and side-sway) matrix due load matrix The basic relation- 
ship between these two quantities the matrix equation, 

(18) (11) 


where designated the author the matrix”. The joint rotation 
matrix obtained the equation, 

(12) 
Since the inversion matrix done the computer, the problem 
reduced the determination matrix The author obtains two matrix 
multiplications follows: 


where designated the author the “stiffness matrix”. The size 
matrix and used the author, larger than that matrix The 
computation Eq. (13) for large rigid frames may require considerable 
machine time. The purpose this discussion show that, many 
instances, the matrix can obtained directly from stiffness matrices 

members the rigid frame scalar additions. 

The slope-deflection equations member with constant moment in- 

ertia and without side-sway are, 


The same equations can stated matrix 
(14) 


Proc. Paper 1819, October, 1958, Chu-kia Wang. 
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where, 
M | = 1 
4EK 2EK 
s = 
2EK 4EK 


The matrix the stiffness matrix for single member. Consider now 
author’s Example No. which continuous beam. use the notation 


shown Fig. 6a, the matrices for the three members are: Con 

1/2 5/3 5/6 

1/2 5/6 5/3 
assemble the stiffness matrices for the members into one large matrix, 
have author’s matrix The 
Fig. 
1/2 
the 
erti 
eae 

Eq. 

whe 

and 


(b) 


(15) This 
6b, 
§ 
A 
4 
oi 
el 


(15) 


DISCUSSION 


This the same that given Table 1.3. The author then obtained from 
means Eq. (3). If, however, begin with the notation shown Fig. 
6b, the stiffness matrices for the members will follows: 


Combining these into one matrix, one obtains once author’s matrix 
1/2 1/2 
1/3 2/3 


The simplification due the assignment one letter each joint, 
Fig. 6b, instead one letter each end member, shown Fig. 6a. 
Along the diagonal matrix the value each element 4EK, which 
the stiffness the joint. The additions are easy carry out, either manually 

The “spring matrix” has been called the stiffness matrix the structure 
many which seems more appropriate term. 

The slope deflection equations for member with constant moment in- 
ertia and side-sway (see Fig. are, 


Eq. (16) may written the matrix form follows: 
(14) 


and the stiffness matrix for uniform member with side-sway is, 


2EK 
6EK/L 


(16) 


where, 


(15) 


~ 


q 
4 
7 
‘ 


Fig. 


Based Eq. (15), and using the notation shown Fig. the stiffness 
matrices for author’s Example No. can written once. 


243 3/250 


These matrices are assembled form matrix 


-2/75 
1/5 2/5 
-2/75 
14/1 1/3 


1/5 2/5 
Thus seems that many instances nothing gained using the formula 
stiffness matrices the members, provided course that one number only 
assigned each joint rotation side-sway displacement, shown 
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DISCUSSION 


Fig. Example No.2 


Figs. and When the structure not too large, the additional computer 
time required may inconsequential, and Professor Wang’s method has 
great merit because straightforward and methodical. For larger 
structures, one has more careful. Consider the rigid frame shown 
Fig. for example. Using the procedure outlined above, the matrix 
order 35. Using Professor Wang’s procedure, the matrix order 90. 
Whether the available computer capable handling the larger matrix, and 
how much computer time required, should carefully evaluated. 


REFERENCES 


Archer, S., “Digital Computation for Stiffness Matrix Analysis,” ASCE 
Proc. Paper 1814, October, 1958. 


Kron, G., “Tensorial Analysis and Equivalent Circuits Elastic 
Structures,” Journ. Franklin Inst., Vol. 238, No. 1944. 
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EQUIVALENT SYSTEMS FOR THE DEFLECTION VARIABLE 
STIFFNESS 


Discussion Perng-Fei Gou 


PERNG-FEI GOU.!—Messrs. Fertis and Zobel have presented very 
interesting method for calculating the deflection members with variable 
stiffness. The approximate method which suggested the authors very 
convenient and accurate practical application. The exact method which 
also submitted the authors gives real results but the computation clumsy. 
Hence may consider that the exact method the foundation the approxi- 
mate method. 

The accuracy the approximate method can found the following 


computations. (This example taken from the essay which the authors give.) 
the approximate method, 


= £92,260 — 


the usual method, 


Proc. Paper 1820, October, 1958, Fertis and Zobel. 
Asst., Civ. Eng. Dept., Cheng Kung Univ., Tainan, Taiwan, Free China. 
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determine the deflection member with variable stiffness the follow- 
ing procedures will suggested. 


1st step. Draw the moment inertia diagram. 
2nd step. Draw the moment diagram. 
3rd step. Draw the equivalent moment diagram, i.e., actual 
diagram. 
4th step. Approximate the Meg, curve. 
5th step. Use the conjugate beam method moment area method de- 
termine the deflection. 


actual calculation, the determination equivalent shear force diagram 
and equivalent force system which are given the authors can omitted. 
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AMPLIFICATION STRESS AND DISPLACEMENT GUYED 


Discussion Vitelmo Bertero 


his attempt offer the designer simplified equations for the determination 

the slack stress the guys and displacements guy levels, and simpli- 

fied method for solving the problem amplification stress and dis- 

placements guyed towers. However, the writer’s opinion that several 

points the method attack used the derivation the simplified equations 

should clarified, that this valuable paper may become more useful 

engineers concerned for the first time with this type structure. start 
with the relatively unimportant, suggested that few the author’s 


equations appear have been misprinted. The term Eq. (15) 


Eq. (20) for the term should AH. Also, page 13, and the 


The statement that follows Eq. (10) not clear, because order for Eqs. 
(9) and (10) yield the same value, the total cross sectional area the six 
guys for double guys should equal the total area the three guys for 
single guys, and not twice this area. 

The writer agrees that the method developed the author for determining 
the slack stress the guy and horizontal displacements due wind load 
very simple and easy perform. However, felt that this method based 
set working formulae which does not offer satisfactory accuracy for 
tall towers. 

The relationship between the live-load force, the initial tension and the 
slack stress the guys represented the chart Fig. was obtained from 
simplified equations, where the effect the sag the cable and the effect 
wind pressure along the length the guy, were neglected. The writer believes 

that these effects should included and, order show the relative im- 

portance each one, they will separately considered the discussion 

which follows. 

study made Holley, Jr. and the writer few years ago, (1) 
was found that the effect the wind along the guy neglected, the following 

expression relating upper end displacement with the change guy tension 


individual guy, proves very useful the study the behaviour 
guy group. 


Proc. Paper 1821, October, 1958, Robert Rowe. 
Lecturer Civ. Eng., Univ. California, Berkeley, Calif. 
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horizontal displacement the upper end the guy 

initial horizontal projection the guy. 

mid-length unit stress the guy. 

Afa change the mid-length unit stress the guy. 
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Sketch showing displacement end single guy. 
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DISCUSSION 


weight per foot 


The first term Eq. (a) represents the horizontal displacement that would 
result the cable were considered tie rod; i.e., straight two force 
member. Thus the second term this equation may considered cor- 
rection the tie rod displacement, account for the effect sag. This cor- 
rection approximated, but believed satisfactory accuracy for 


application the range sag ratios encountered properly designed 


guyed towers. 

Expression (a) developed for individual guy can plotted. con- 
sideration the compatibility displacement windward and leeward guys, 
and the required conditions equilibrium, the displacement versus change 
tension the individual guys can combined obtain curves which define 
the resistance function group guys; that is, the relation between dis- 
placement the group and net force which the group exerts the tower. 
this done for the case classified the author Wind Fig. shows that 
the horizontal displacement the tower the guy connection called 


then, 


and 


Eq. (a) can written 


where 


= 
From (b) and using 


Using Eq. the curves and versus for any particular 
case can easily obtained will illustrated the set 
Single guys 1-3/8" diameter the third guy level the typical tower shown 


the author Fig. The significant guy data for this example are 
follows. 


: 
| = 
3 
| | 


yA 


May, 1959 


Elevation (3) _Displacement 


ini 


sec 


Fig. 


Sketch showing displacement and changes tension for three guy 


connection due Wind 


Wind 
j 
fo1 
60° 60° 
° 
tha 


weight 
Reference (2) 1.135 


For cable +900 fe. 


For cables and3 fe. 


Considering for the initial mid-length tension the value selected the 
author; i.e., 0.2 B.S. 46,400 lbs. the corresponding initial unit tension 
would 


400 40, 900 los 


and for this value fa, the variation with changes and and 

The values and were plotted versus the obtained 
values shown Fig. The curves the right quadrant are drawn 
for Wind Selecting factor safety F.S 2.5, the author suggested, the 
maximum allowable tension the cable would 

2,0 
For initial mid-length tension 46,400 lbs, the maximum 


initial tension the cable, which occurs the upper end, may computed 
follows: 


max. 


Accordingly becomes evident, that the allowable value the wind load 
that which produces the third guy level consistent with change 


the tension guy 92,800 48,500 44,300 lbs. This corresponds 


can computed using Eq. and 3.12 ft. This value may also 
read directly from the curve Fig. From this same figure, can seen 
that for 3.12 ft, cables and undergo change tension Afag 


Consequently the allowable wind load can obtained using 
Eq. (c) 


which terms the breaking strength the cable becomes 
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DISCUSSION 
42,600 
232,000 


The mid-length tension the cables and would 


This value corresponds what the author designated slack force 
The increase the vertical force the mast would 


where the initial vertical force the mast, which equal 


the case classified the author WIND considered, evident 


that since wind direction reversed from that shown Fig. the following 
equations result 


AD, 
using (a!) 
Taking advantage the values already computed Table for WIND the 
curves shown the left quadrant Fig. can plotted. Using these curves, 
can shown that the allowable wind load would 
=(39, 28, 300) 0707 54,00 olbs. 
and the required horizontal displacement produce this net force 
6.24 Pt. 


Comparing and clear, might expected, that WIND con- 

trols; and consequently, the maximum allowable wind load would 

0.184 B.S. instead 0.30 B.S. 0.212 B.S. found the author. 
the value 0.30 B.S. sin considered, according the author’s 

Eq. (8) the magnitude the corresponding horizontal displacement would 
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and, this value the same for both and WIND II. However, when the 
sag effect considered, using the Eq. (a) suggested the writer, the follow- 
ing more accurate values result: 


WIND 
According Eq. (c), the total change unit stress required 0.3 B.S. 
0.3.232,000 0.707 lbs 


this value and using the curves Fig. (right quadrant), can seen that 


These changes the unit stress the guys originate increase the 
vertical force the mast, which can computed follows: 


or 


The forces cable and which correspond what the author called 


slack force would equal 0.2 B.S. 0.124 B.S. 


WIND 


According Eq. (f) for 0.30 B.S. sin the total change unit stress 


would Afag 61,400 Using the curves the left quadrant 


Fig. the following values can obtained: 


0.308 and the force cable which correspond what the author 

Table summarizes the results obtained applying the simplified method 

presented the author and those obtained including the sag effect accord- 

ing the method suggested the writer. 


The considerable discrepancies between the results given Table clear- 


indicate the importance the sag effect. The simplified equations de- 
veloped the author neglecting this effect not only yield larger value for 
the allowable wind load but also give displacements which are considerably 
smaller than those expected, especially when WIND considered. 
While the author assumes that there change the vertical force the 


mast, the consideration the sag effect shows increase more than 30% 
the initial vertical force. 
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Regarding the influence the wind pressure acting guy, there are two 
effects modifications that have considered. First, the force which 
the guy exerts the undisplaced tower modified. Second, the relations 
between guy tension and upper end displacement are modified. account for 
both these effects rigorous way complicates the analysis. Practical 
approximation these effects were suggested various 

Due the lack information about the exact wind pressure used the 
author computing the 200 pounds per foot tower, the writer could not 
evaluate with accuracy the effect that the consideration the wind the guys 
would have the example discussed. However, order illustrate the im- 
portance this effect, new analysis the behavior the third guy level 
group was carried out including the effect wind pressure pounds per 
square foot acting the guys. This analysis was done according the 
method suggested reference (1), and the following results were obtained: 

WIND I.—The allowable wind load the tower reduced 0.15 B.S. 
sin the corresponding horizontal displacement AH] 2.82 ft. The initial 
vertical force the mast experiences increase 35.4% 

When allowable wind load 0.30 B.S. sin aas obtained the author 
was considered, the maximum tension force the windward guy became equal 
0.53 B.S. and the corresponding horizontal displacement equal 4.85 ft. 
The increase vertical load becomes 48% the initial 

WIND 0.30 B.S. sin became equal 3.75 ft. and the 
initial vertical force the mast underwent increase 40% 

the above results are compared with those obtained the writer and 
given Table the importance the effect wind pressure along the guy 
becomes evident. Therefore, clear that neither the sag effect nor the ef- 
fect wind guys can neglected without introducing considerable inaccu- 
racy. Since all cases the author’s method yields values that are non- 
conservative, evident that this method should used cautiously. 

With the presentation the amplification charts for stress and dis- 
placement, the author has made very practical contribution the engineers 
interested the design guyed towers. 

was demonstrated reference (1) and pointed out the discussion,(5) 
quite frequently the tower geometry and anticipated leg stress associated with 
tower axial load are such render the use beam column theory un- 
necessary. 

The author’s charts Fig. and can used with advantage determine 
whether beam column theory needs applied. Certainly the trend toward 
high strength alloy steel with accompanying high values fg, would seem im- 
ply that the amplification stress will increasingly important, particularly 
for very large towers. Moreover, design based ultimate load basis 
(and the writer believes this highly desirable), the larger values the 
unit stress associated with axial force occurring ultimate load may well re- 
quire the application beam-column theory. 

Referring Example selected the author illustrate the use the 
Amplification Chart, should perhaps pointed out that according the 
data given Fig. the value the moment the span 238 feet 
used Eq. (18) should and not Consequently, the resulting 


stress and its amplification would smaller than those obtained the 
author. 
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According the arbitrary limitations for the different ranges the 
structural action suggested page 16, the results obtained for the amplifi- 
cation displacement and stress the case example would seem indi- 
cate that the tower the ordinary range and not the flexible one stat- 
page 13. 

The writer investigated(1) the effect guy tension maladjustments (due 
either improper installation service conditions) and agrees with the 
author concerning the danger guy lengthening and shortening. However, 
felt that the formulae developed and used the author are not reliable, 
and the following facts should mentioned for clarification. 

The author’s statement that “equation (11) derived for guy lengthening 
guy shortening, Ae, given guy level” not clear. seems that, even 
the sag effect neglected (as suggested the author) and set three 
single guys assumed, expression (11) determines the horizontal dis- 
placement that the upper end connection undergoes when the initial tension 


only one guy increased decreased Using the relation- 


ships given Fig. B-3 and B-4, can shown that order produce this 
change tension would necessary shorten lengthen the guy 

Eq. (11) was derived neglecting the sag effect but including the effect the 
vertical displacement which the upper end connection the guy undergoes 
consequence the variation the compression force the tower. 
was pointed out before, the writer believes that the sag effect cannot neg- 
lected. the other hand, felt that the effect vertical displacement 
the tower usually small and may neglected, will illustrated 
the following discussion the results obtained the author his Example 

Assuming change tension 45,000 the author obtained equal 
3.73 in. and 10.60 in., where the effect the vertical displacement 
only 1.2%. 

should perhaps pointed out that the above value 1.2% seems 
not quite correct because, the first place, factor was omitted; and 
secondly, the author used for guy 1-5/8 inch diameter value 
AgEg 2.05 30.106 lbs. more realistic value would obtained using 
the metallic area the guy, 1.59 in2, and the modulus elasticity 
related this metallic area, which for commonly used Prestressed Galva- 
nized Bridge Strand approximately these values are used 


the author’s formulae, becomes equal 5.76 in. and 


can seen that the influence the vertical displacement the tower 
still only and consequently may neglected. 
The importance the sag effect can shown comparing the results ob- 
tained using the author’s Eq. (11) with those determined the application 
Eq. (a) suggested the writer. While Eq. (11) will yield identical values 
for certain change tension regardless this change increase de- 
crease and regardless the magnitude the initial tension, the use 
Eq. (a) will show considerable difference. example, assuming that the 
initial tension the lower set guys considered the author was 60,000 lbs. 
and the tension one guy increased 45,000 lbs, the upper connection 
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would undergo 16.5 in. (neglecting effect vertical displacement). 
the other hand, the tension decreased 45,000 lbs, the becomes 
equal 23.2 in. 

Referring the displaced position the tower axis indicated Fig. 
not clear the writer how this could obtained. this was the result 
lengthening only one guy suggested the author, seems that the 
guy group had move the right from the original position and not the 
left. Moreover, the horizontal displacement the tower the first guy 
level was computed from Eq. (11) under the assumption that the tower 
could move freely. This not the case illustrated Fig. because the guy 
groups and will restrain the movement the tower and, consequently, 
the actual would somewhat less. 

Another point which not quite clear the writer how the value 
218,000 lbs. used Eq. (20) was obtained. would desirable have 
the author state what initial guy tension was used for each guy level this 
example because seems that the values given page cannot used 
this case since first guy level there exists initial tension per guy only 
31.7 kips and consequently would impossible obtain decrease tension 
45.0 kips lengthening the cable. 

determining the actual total stress and horizontal displacement guy 
level amplification factor 1.7 was used. This value was obtained 


directly from the chart Fig. using The validity this pro- 


cedure for the case under consideration seems doubtful due the 
reasons which follow. 

total stress kips per sq. in. the center tower section between 
points inflection which supports uniformly distributed load throughout the 
tower height.” the case Example not only the tower does not support 
any uniformly distributed load and the bending stress computed not the 
center, but what even more important, between the points inflection there 
exists guy group Gj, which will restrain the amplification the horizontal 
displacement guy level 

The effectiveness guy group restraining the amplification 
will depend upon the tension which exists each guy. However, evident 
that not only the amplification factor would smaller than 1.7, but also 
the critical buckling stress would larger than the value 20,600 psi. de- 
termined the author using Eq. (19). more accurate approach the 
problem would consider the portion the tower between the inflection 
points continuous bar three supports which are not straight line 
and the middle one which elastic. 
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THE FACTOR SAFETY DESIGN TIMBER STRUCTURES* 


Discussions Cizek and Milos Vorlicek 


CIZEK.!—The writer has prepared the frequency distribution (Fig. 
the theoretical curve Gauss with the maximum ordinate 


500 


Three fourths 
average 
200 


The standard deviation 1087 psi and the theoretical minimum strength 
min 7247 1087 3986 psi corresponds quite well with the 
real minimum strength. The long-time loading strength 


min 3986 2245 psi and the working stress 0,62 2245 1400 


psi, 0,62 the factor for largest permissible knots. This method based 
the real minimum strength min and not from the near-minimum 

This statistical method was also used for the determination working load 
joints with split-ring connectors 10cm. The arithmetical mean from 
our tests specimens was 8,50 the standard deviation 0,649 


Proc. Paper 1838, November, 1958, Wood. 
Czechoslovak Academy Sciences, Praha, Czechoslovakia. 
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strength under the long-time loading min 0,625 6,55t =4,10t. With 
the coefficient safety 1-1/4 the working load for one split-ring connector 


does Our standard gives for this case the value 1,60 


The same method was applied for our tests specimens with Bulldog- 
connectors 10.10cm. The arithmetical mean was 5,97 the standard 


0,499 4,77 The strength under the long-time loading min The 
4,77 With the coefficient safety 1-1/4 the working load for one 
Bulldog-connector does Our standard gives for this case callec 
the same method was determinated the working load nails. 
The working load any connections given the statistical minimum 
min 36, from long-time loading strength min 0,625. min and 
from the minimum safety-factor 1-1/4. the 
The value min corresponds better the reality than the “near- 
minimum” value min 1,666. ficien 
Coeff 
MILOS VORLICEK.!—The factors affecting the safety timber structures 
must considered random variable quantities. Mr. Wood has shown 
very interesting method establish safety construction, i.e. the method 
random products. But would rather tiresome use this method 
practical numerical cases, especially without electronic computer. There- 
fore the writer presents simple method: 
The factors affecting safety shall indicated wish 
establish the distribution the product these mutually independent 
random variables: 
“Logarithming” this equation obtain 
i=1 
the variable should have log-normal distribution the case that either 
would very great the transformed variables log would normally 
distributed. Neither the first nor the second condition being generally ful- and 
filled, necessary use another procedure. 
take the quantities for random variables which can have skewed 
frequency distribution. Every variable therefore defined the 
the coefficient variation and the coefficient skewness aj. 
develop Eq. (1) series according Taylor’s formula. Putting this 
series the formulae for the mean for the coefficient variation and 
for the coefficient skewness the variable obtain relations 
follows: 
x, 
Cand. Tech. Sc., Czechoslovak Academy Sciences, Praha, all 


Czechoslovakia. 
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The above-mentioned three parameters and define the frequency 
distribution the quantity (i.e. the product factors affecting safety). 

The most suitable mathematical expression for this distribution 
called Pearson’s curve type establish the minimal value ymin using 


small probability occurrence lower value than ymin according the 
equation 


the value tmin taken from Pearson’s curve type III. The following table 


shows the values computed for some probabilities and for the coef- 
ficient skewness from 0,0 1,1: 


Coefficient Values tmin 

0,0 1,28 1,64 2,33 2,58 3,09 
0,1 1,27 1,62 2,25 2,48 2,95 
0,2 1,26 1,59 2,18 2,39 2,81 
0,3 1,25 1,56 2,10 2,29 2,67 
0,4 1,23 1,52 2,03 2,20 2,53 
0,5 1,22 1,49 1,95 2,11 2,40 
0,6 1,20 1,46 1,88 2,02 2,27 
0,7 1,18 1,42 1,81 1,93 2,14 
0,8 1,17 1,39 1,73 1,84 2,02 
0,9 1,15 1,35 1,66 1,75 1,90 
1,0 1,13 1,32 1,59 1,66 1,79 
1,1 1,11 1,28 1,52 1,58 1,68 


evident that the last quantity which interest us, namely working 
stress, must not greater than ymin. value working stress given 
and want know which the probability failure the construction, 
compute the value from the relation (3) and determine the quantity 
according the above mentioned table. 


illustrate this, shall use example given Mr. Wood; the quantity 
depends five variables: 


expected versus actual load; 1,10; 0,073; 
range defects within grade; 0,67; 0,060; 
all the variables are distributed symmetrically, i.e. 
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Substituting into the formulae (2), compute the parameters the quanti- 


The theoretical curve determined these parameters corresponds the 
histogram the ratio adequacy (Fig. the paper). According (3) 
find out the permissible work stress the multiple the average strength 
clear wood. For three different probabilities ascertain the working stress 
shown table: 


Probability Permissible Work Stress 
0,229 
0,206 
0,1% 0,149 


Were the work stress given 0,2 the average strength, determine from 
(3) that tmin 2,00; this value corresponds the probability failure 
0,8%. 

Let remark last, that some the factors affecting safety the con- 
struction (Table the paper) can asymmetrically distributed. would 
better consider some quantities divisors and not multipliers 
(for example actual value the load). The Eq. (1) therefore expressed 
more generally follows: 


this case could easily deduce the formulae, similar relation (2). 
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DESIGN PIER BENT AND RIGID FRAME 


Discussion James Hoffman 


method computation always the best method for the computer. The 
classical methods conjugate beam and slope deflection are all quite involved 
when done manually, but they are very well adapted solution computer. 

The equations for these methods are quite easily written and programmed, 
and the solution these equations the computer very rapid. 

The program explained the author will solve bay single story 
frame. The solution this frame the conjugate beam method will require 
simultaneous equations. One needed for each the unknown moments 
and one for the unknown sidesway. Since the shear the conjugate beam 
equal the rotation the actual beam, the shear the conjugate beam, using 
the M/EI diagram the actual beam load, equal for any members 
framing into one joint. This provides the equations. The 12th equation 
one that states that the sum the horizontal shears the frame equal 
zero. These equations are quite easily written and solved the com- 
puter using elimination method. Using this method solution several 
rows constants, and therefore several systems loads, can solved 
one solution. 

The method slope deflection quite similar. The unknown moments 
are defined terms the rotations the joints and the sidesway deflection. 
There are only unknown rotations and one unknown deflection. One equation 
written each joint stating that the sum the moments, defined terms 
rotation and sidesway deflection, equal zero. sixth equation writ- 
ten stating that the sum the horizontal shears the frame equal zero. 
Thus only six simultaneous equations are needed, but the results these six 
must substituted back into the previous equations determine the un- 
known moments. 

Since the solution simultaneous equations computer relatively 

fast process and quite simple, the writer believes that the conjugate beam 
method will provide very fast and the most direct solution rigid frames. 
Slope deflection will also provide fast solution, but secondary solution 
required this case. 

The writer present writing program for the design double barrel 
box culverts the conjugate beam theory. The Conference Electronic 

Computation Papers (Kansas City, Nov., 1958), has paper using the conjugate 
beam theory the solution continuous I-Beam bridges. 


Proc. Paper 1854, November, 1958, Charles Tung. 
Programming Engr., lowa Highway Comm., Ames, Iowa. 
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DIRECT DESIGN OPTIMUM INDETERMINATE 


clear presentation this interesting subject. However, the development 
the theory relative the static check equations, (Eqs. (3) (6)), the intro- 
duction the concept “potential work” seems rather redundant, because 
these statics equations may derived directly from virtual work principle 
similar that which was used the author previously establishing the 
continuity equations (Eqs. (1) and (2)). 

The basic principle virtual work may stated follows: “Ifa 
structure equilibrium under the action system external loads, 
and subjected deformation pattern which compatible with its geo- 
metric arrangement and support conditions, the work done the external 
loads moving through their corresponding displacements equal the work 
done the internal forces the member deformations.” This principle 
applied structural mechanics two ways. The most familiar application, 
which may termed the principle virtual forces, that which was utilized 
the author establishing the continuity conditions (Eqs. (1) and (2)). 
this application, the structure subjected virtual force system, (internal 
virtual forces equilibrium with external virtual load), and the dis- 
placement the virtual load compatible with specified deformations the 
members calculated from the equality external and internal work. Thus 
the principle virtual forces actually substituted for the kinematic re- 
lationship between the deformations the members and the displacement 
the specified point the structure. 

The second method utilizing the virtual work principle called the 
principle virtual displacements, and most frequently used continuum 
mechanics, although also very useful structural analysis. this appli- 
cation the structure subjected virtual deformation pattern which 
compatible with the support conditions and member geometry, and the equality 
external and internal work done during this deformation serves demon- 
strate equilibrium between the external loads acting the structure and the 
internal member forces. Thus the principle virtual displacements may 
used substitute for the equations equilibrium the structure. 

both forms the virtual work principle, the term “virtual” has the same 
Significance: merely indicates that the compatible deformation patterns and 
the equilibrium force systems are independent effects. applying the princi- 
ple virtual forces, the external virtual load located correspond 
with the deflection component which calculatec, while the use the 


Proc. Paper 1867, December, 1958, Louis Laushey. 
Associate Prof. Civ. Eng., Univ. California, Berkeley, Calif. 
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principle virtual displacements, the virtual deformation pattern selected 
relative the particular equilibrium condition which established. 

was stated above, Eq. (3) the paper may obtained directly from 
the application the principle virtual displacements. When applied 
truss structure, this principle may expressed 


which force bar tension (+) 
change length bar elongation (+) 
external force reaction “n” 


apply the principle, the virtual bar deformations and joint displacements 
must selected compatible with each other. Then the external virtu- 
work the left side the equation can equal the internal work the 
right side the equation only the internal forces are equilibrium with the 
external loads and reactions. 

Eq. (3) the paper may obtained directly from Eq. (A) above the 
virtual deformation pattern assumed uniform positive strain (as 
might caused uniform temperature increase all bars). Consider 


the structure Fig. 2c. The change length the bars due the strain 


The only external load displaced direction corresponding its line 
action this deformation and this displacement 


(C) 


which the negative sign shows that the displacement opposes the direction 
the load. For all other loads and reactions the corresponding displacement 
zero. Introducing Eqs. (B) and (C), Eq. (A) may written 


from which obtained 
-P3y 


the same equation presented Fig. the paper. The special forms 
this equation given Eqs. (4) and (5) the paper may obtained similarly 
because for these cases evident that the quantity Eq. (A) must 
vanish. Eqs. (6c) and (6d) may obtained directly assuming defor- 
mation pattern corresponding uniform strain along the axis re- 
spectively, with the perpendicular strain component each case being zero. 
should mentioned connection with these equilibrium equations that 
they represent necessary but not sufficient conditions for equilibrium. 
quite evident that many combinations bar forces other than these shown 
Fig. will satisfy the condition Actually there are, course, 
two equilibrium conditions for each joint the structure, and equilibrium 
assured only satisfying this number conditions. terms the princi- 
ple virtual deformations, equilibrium assured external and internal 
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work are equated for this number independent virtual deformation patterns 
(of which the uniform strain pattern assumed above only single possibili- 


ty). The easiest way establish the required number independent defor- 
mations displace each joint independently, once each two perpendicu- 
lar directions, while restraining all other joints from displacement. The 
resulting virtual work equations are equivalent applying two equations 
equilibrium each joint separately. spite its providing only limited 
check, however, Eq. (3) remains very useful, simple (partial) check against 
blunders calculating the forces the truss bars. 

The preceding comments are not intended any way detract from the 
value the paper. The validity its theory not questioned. However, 
would seem desirable base the derivation insofar possible established 
principles rather promulgate new ones, especially when the “new” princi- 
ples may interpreted more correctly special case established 
principle. 
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LOS ANGELES CONVENTION 


The February ASCE Convention Los Angeles was highly successful, 
with 1500 members attendance. Structural Division sessions were at- 
tended 150 200 members, making necessary provide larger room 
accommodate the crowd. 
Professor Wilson the University Southern California arranged 
the Structural Division program. There were five sessions, four papers 
each, the subject plastic design. Each session concluded with panel 
discussion, with the four speakers forming the panel answer questions 
from the floor. The papers covered experimental and theoretical research 
work, design and experience with actual structures. Two papers particu- 
lar interest were Analytical Studies the Effect Earthquakes and Blast 
Loading Structures. 
the Awards Luncheon Meeting, research awards were presented John 
Clark the Research Laboratories Alcoa and Ivan Viest the AASHO 
Road Test. The division particularly proud these men and congratulates 
them the excellence their research work. this luncheon President 
Bridge the California Institute Technology was the main speaker. 
noted the importance research work the sciences, our present rapid 
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advance science due the large number fellowships for graduate study, 
and the generous support research industry since the first World War. 
strongly urged the Society follow this example. Research work civil 
engineering its infancy and the support the profession and construc- 
tion industry has been relatively meager. 

second luncheon Admiral Charles Horne, vice president Convair, 
spoke the subject industry and education. This luncheon followed ses- 
sions this subject sponsored the Conditions Practice Committee. 
Industry and service organizations have been very active their attention 
education the Los Angeles area. the San Francisco area the engineer- 
ing societies have done excellent work bringing the high school students 


information engineering and the educational requirements for engi- 
neering career. 


COMMITTEE MASONRY AND REINFORCED CONCRETE 


February Los Angeles interesting meeting the ASCE-ACI 
Joint Committee Shear and Diagonal Tension under the chairmanship 
Mr. Charles Whitney took place with eleven members the committee 
and few invited guests. The committee working under some pressure 
now the hope that early report may possible. 

Recent correlation studies have indicated that the diagonal tension strength 
beams may reasonably expressed relatively simple but comprehen- 
sive formula based upon the diagonal cracking strength. This formula would 
cover beams without web reinforcement. Slabs would covered differ- 
ent relationship which also appears reasonably simple but different 
from the one for beams. 

The Committee has been working bibliography shear, diagonal ten- 
sion, and torsion for probable publication. has also been analyzing beams 
with web reinforcement and expects consider these the committee re- 
port. 

The Committee Reinforced Masonry Design and Practice with Mr. 
Albyn Mackintosh Chairman met Los Angeles February 

The Joint ASCE-ACI Committee Precast Structural Concrete Design 
and Practice under Mr. Jack Janney’s direction met Los Angeles 
February 23. 

meeting the Joint ASCE-ACI Committee Composite Construction 
has been scheduled Chairman Ivan Viest for April and the 
Sheraton Hotel Chicago. 

meeting the Joint ASCE-ACI Committee Design Reinforced Con- 
crete Slabs will held May Urbana according word received from 
Chairman Siess. 


expected that reports from all these meetings will appear early 
issues the NEWSLETTER. 


COMMITTEE BUILDINGS 


new Committee Buildings being organized within the Structural 
Division. The purpose this Committee will 


(a) make recommendations which will lead improved relationships 
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between the engineer and others who participate design and con- 
struction the building field. 


(b) review and correlate the technical problems the building field, for 


the purpose recommending action and study this committee 
coordination with other committees the Society. 
(c) encourage dissemination available knowledge the building field. 


The work this committee shall directed advance the science 
and profession structural engineering the building field. 

addition the administrative committee, under Chairman Roy Johnston, 
the following tentative task committees are being formed: 


Task Committee Interprofessional Responsibilities 
Miller, Chairman 


Task Committee Structural Design Methods 
Milo Ketchum, Chairman 


Task Committee the Study Specifications and Building Codes 
Charles Yoder, Chairman 


COMMITTEE ELECTRONIC COMPUTATION 


The papers presented the Conference Electronic Computation held 
Kansas City November are now available single volume. The prices 
(post paid) are follows: 


Members Non-Members 
Additional $10.00 $10.00 


you wish order copy this publication, please use the order form 
the end the Newsletter. 


PLASTIC DESIGN SYMPOSIUM 


Symposium Plastic Design Steel will held Queen’s University 
Kingston, Ontario, June 15-19, 1959. The leading speaker will Dr. 
Horne Cambridge University, and other speakers will include Dr. 
Ellis Kingston, Mr. the American Institute Steel Con- 
struction, Dr. Ketter the University Buffalo, Dr. Meyerhof 
Nova Scotia Technical College, Halifax, Mr. Schriever the Na- 
tional Research Council, Ottawa, and Dr. Wright Waterloo College 
Associate Faculties. 

Papers presented the Symposium include the following: Funda- 
mental Concepts Plastic Design; Loads and Load Factors; Single-Storey 
Frames; Plastic Behaviour Structures; Connections; Examples from 
Britain and the United States; Multi-Storey Frames; Design Considerations; 
Foundations; Economics and General Status. 

For further information address Dr. Curran, Director Extension, 
Queen’s University, Kingston, Ontario. 
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APPLIED MECHANICS CONFERENCE 


The 1959 West Coast Conference Applied Mechanics will held 
Stanford University, September 9-11. This Conference has been co-sponsored 
the West Coast Committees ASME and ASCE since 1954 and has become 
successful annual event, attracting registrants from throughout the country. 

The purpose the conference promote presentation and discussion 
information and original research the field applied mechanics, in- 
cluding the subjects dynamics, vibrations, elasticity, plasticity, properties 
materials, and nonlinear mechanics, and also provide opportunity for 
acquaintance among those interested these fields. 

Authors may send manuscripts (in triplicate) directly the Secretary 
the ASCE West Coast Committee: 


Dr. James Gere 
Department Civil Engineering 
Stanford University 
Stanford, California 


The manuscripts are submitted competent reviewers determine their 
suitability for presentation the Conference and publication ASCE Pro- 
ceedings and Transactions. Manuscripts may also sent the Manager 
Technical Publications, ASCE, which case the author should state that 
would like his paper presented the West Coast Conference. 


STRUCTURAL DIVISION JOURNAL 


News items for the July issue the Newsletter should submitted the 
Editor before the end May. Comments and suggestions for the improve- 
ment the Newsletter will welcomed. 


Gerard Fox, Newsletter Editor 
Howard, Needles, Tammen Bergendoff 
Church Street 

New York, New York 


American Society Civil Engineers 
West 39th St., New York 18, N.Y. 


Please send........ copy(s) the Conference Electronic Computation 
Papers. 


i 
ag 
> 
% 
a 
q 
(Please Print) 
J 


me 
Je 
‘ 
q 
a 
q 
4 


